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FOREWORD

The study reported herein was performed by the U. S. Army Engineer

Waterways Experiment Station (WES) for the U. S. Army Ballistic Research

Laboratories (BRL). The funds employed for this study were allocated to

WES under Order No. 492-305-29: AMCMS 571 5071.11.60200, Project No.

AM-8-R0841-O1-AJ-Q6. U. S. Army Materiel Command (AMC) funds under Traf-

ficability and Mobility Project No. 1T062-103-A046 were used in the prepara-

tion and publication of this report. The study was performed during the

period January-November 1968.

Field data were collected in West Germany during the months of March

and April 1968 by four teams. Each team was composed of three or four men

and each ;eam i .s a.s-gned the responsibility for sampling a factor family.

The team captaik T " - S personnel and team members were personnel of the

293d Engineer Battalion (Const). Personnel. who served on the teams at| ,various times are as followsc

Surface geometry fact,- . 'amily team

Mr. H. K. Woods, Geology Branch, Soils Division, WES

SP5 B. R. Thomas (Const)

SP4 W. R. Partridge (Const)

SP4 M. Jenkiuis (Const)

PFC R, E. Botkin (Const)

Surface cbmposition

Mr. C. A. Blackmvon, Vehicle Studies Branch, Mobility and Environmental
Division, WES

SP5 G. L. Carlson

SP4 B. Major

iii ~ 4cEOT



Vegetation factor-family team

Mr. B. T. Helmuth, Terrain Analysis Branch, Mobility and Environmental
Division, WES

SI SP4 G. D. Bumgarner

SP4 N. J. Delatte, Jr.

PFC R. W. Eaton

Hydrologic geometry1 Mr. J. H. Robinson, Vehicle Studies Branch, Mobility and Environmentalr Division, WES

SP5 R. J. Marshall

PFC R. M. Ady

PFC D. J. McCloskey

The field work was under the supervision of Messrs. A. A. Rula, Chief,

Vehicle Studies Branch, and Mr. Woods. Data were reduced and maps prepared

for the terrain facto:.s and factor families by each team captain. This

repor+: was prepared by Messrs. Woods and J. H. Shamburger, Chief, Military

Projects Section, Geology Branch. All phases of the study were under the

direct supervision of Mr. Rula, Dr. C. R. Kolb, Chief, Geology Branch, and

Mr. Shamburger.

Special thanks are due to BRL personnel, particularly Messrs. J. W.

Beach and D. E. Woomert, who participated in numerous planning meetings and

furnished general guidance; CP. W. j. Hardenberg, BRL, who served as liaison

officer and contributed to the success of the field progr.m; MAJ J. C.

Giambruno, Operations Directorate, U. S. Army Engineers, Europe (USAENGCOMEUR),

who coordinated the field support with LTC Arnold, commanding Officer of the

293d Engineer Construction Battalion; and to the Post Commanders of the

reservations visited for their excellent support and cooperation.

Directors uf the WES during the conduct of this study and preparation

of this report were COL John R. Oswalt, T:., CE, and COL Levi A. Brown, CE.

k Technical Directors were Messrs. J. B. Tiffany and F. R. Brown.
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GLOSSARY

The following terms have been used in higo '.y restricted senses

throughout this report and are defined. The form in parentheses is commonly

used in the text as an abbreviation. Other terms are defined as they appear

in the report.

Terrain factor (factor). An attribute of the terrain that can be

adequately described at any point by a single measurable -alue. For

example, slope and stem diameter are both factors.

Terrain factor value (factor value). A specific occurrence of a

terrain fuctor. For example, 10 deg is a fa tor value of the terrain

factor slope.

Terrain factor family (factor family). A combination of factors that

tend to exert a characteristic kind of effect on a military vehicle or

activity. Four factor families are used to define the effects of terrain

on the cross-country performance of vehicles: surface geometry, surface

composition, vegetation, and hydrologic geometry.

Terrain factnr-value class (class range). A specific range of factor

values establishet' for a specific purpose. For example, 1.5 4.5 deg is

a factor-value class of the factor slope.

Terrain factor complex (factor complex). Any combination of two or

more fators chosen for a specific purpose. They may or may not all be

drawn from the same factor family.
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I Terrain factor map (factor map). A map delineating areas, throughout

f each of which the terrain is characterized by a unique factor-class value.

C Terrain factor-complex map (factor-complex map). A map in which each

delineated area exhibits, throughout its extent, a specific combination of

factor classes, the factors having been chosen for a specific purpose. The

factors may be drawn from one or more factor families. A map where the

combinations of factor classes are restricted to a specific family is a

terrain factor-farmily ma (factor-fanily ma )._

The terminological scheme can be illustrated graphically:

QUALITATIVE QUANTITATIVE 1 MAPPING
IDENTiFICATION IDENTIFICATION CORRELATIVE

.*I i
FACTOR >-- FACTOR VALUE

FACTOR %/ALUEI ISSET (SITE DATA)

-. i' IFACTOR VALUE, '1 CLAS-4---- FACTOR MAP

FACTOR FAMILY 
C  L A  ST

T, FACTOR-FAMILY MAP

FACTOR VALUE

CLASS SET

FACTOR COMPLEX l FACTOR-COMPLEX
!MA

Diagram of relations among terms used in factor mapping

Ground mobility. The ability of a ground contact vehicle to move

across terrain without benefit of roads or engineering assistance.



Fine-grained soil. A soil of ;:hich more than 50 percent (by weight)

of the grains will pass a No. 200 U. S. Standard Sieve (smaller than 0.074

mm in diameter).

Coarse-grained soil. A soil of which more than 50 percent (by weight)

of the grains will be retained on a No. 200 sieve (larger than 0.074 mm in

diameter).

Organic soil. The living, dying, and dead vegetation that form a

surface mat, and the mixture of partially decomposed and disintegrated

organic material (commonly known as peat or muck) below the surface mat.

Small quantities of mineral soil may or may not be mixed with the organic

material.

Critical layer. The layer of soil regarded ao most pertinent to

establishing relations between soil strength and vehicle performance. In

fine-grained sr ils and poorly drained sands with fin.:., it is usually th"

6- to 12-in. la,'ers; however, it may vary with the weight of the vehicle

and with the soil strength profile.

Cone index (CI). An index of the shearing resistance of a medium

obtained with a cone penetrometer. The value represents the resistance

of the medium to penetration of a 30-deg cone of 0.5-sq in. base or pro-

jected area. The number, although usually considered dimensionless in

1trafficability studies, actually denotes lb of force on the handle divided
by the tLrea of the cone base in sq in.

Remolding index (RI). A ratio that expresses the proportion of origi-

nal strength of a medium that will remain under a moving vehicle. The

ratio is determined from cone index measurements made before and after



remolding a 6-in.-long sample that has been extracted with the re-

molding equipment.

Rating cone "index .(RCI). The product of the measured CI and theI RI of the -me layar.

ft-
I
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I1 SUMMARY

This study was performed to classify and map terrain for ground

"I mobility purposes in accessible areas of three German militar reser-

• . vations (Baumholder, Bergen-Hohne, and Grafenwohr). The terrain was

classified in terms of surface geometry, surface composition, vege-

tation, and hydrologic geometry factors that affect vehicle mobility.

Mapping of the terrain factors was accomplished through inter-

pretation of air photos. To provide the necessary ground control data

for photo interpretation processes, a field data collection program

was conducted, and data were collected according to established pro-

cedures. The field data were tabulated and placed in established class

ranges significant to ground mobility. Utilizing the field data,

an air photo-interpretation method was applied to estimate the estab-

lished terrain factor-value classes from the geometric, tonal, and

textural characteristics of the air photo patterns. Terrain character-

istics were extrapolated from the sample to the unsampled areas, and

factor-family maps at a scale of 1:25,000 were prepared of the three

study areas. The factor-family maps were then compiled into areal and

linear factor--complex maps. The areal factor-complex maps display the

xi



area! extent of discrete combinations of factor-value classes of

surface geometry, surface composition, and vegetation factor families.

I The linear factor-complex maps display the factor values of linear fea-

tures (i.e., streams, canals, road embankments, etc.) and the surface

composition and vegetation associatea with them.

$I
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QUNITATIVE DESCRIPTION OF SELECTED WEST GERMAN

I TRRAIN FOR GROUND MOBILITY

PART I: INTRODUCTION

1, During 1964 as a part of a Mobility Environmental Research Study

(Project MERS) under the auspicies of the Advanced Research Project Agency

(ARPA), the U. S. Army Engineer Waterways Experiment Station (WES) evaluabed

the state-of-the-art of terrain descriptions and terrain analysis for

ground mobility purposes. It was evident from this evaluation that the

descriptive system being developed at WES under the U. S. Army Materiel

Command (AM ) sponsored Military Evaluation of Geographic Areas (MEGA) proj-

ect was the only system sufficiently quantitative to adequately describe

terrain for ground mobility. With only min- modifications the MEGA system

was utilized to describe the terrain for Proj ct MX'S. This descriptive

system provided terrain data input to the WES analytical model for predict-

ing the cross-country performance of military vehicles. De'elopment of

this model was initiated under Project MERS and since 1967 work has con-

tinued under AMC project entitled "Trafficability and Mobility Research."

Since the termination of Project MERS, the terrain descriptive system and

the analytical model have been utilized on several other projects to pre-

dict the cross-country perfonnance of tracked and wheeled vehicles.

2. In November 1967 representatives from the U. S. Army Ballistics

Research Laboratories (BRL) visited WES to become familiar with details

involved in the preparation of terrain factor -complex maps for ground

mobility purposes and in the application of khe WES analytical model to



predict vehicle performance. BRL was concidering the possibility of

. . using the WES model in evaluating the off-road performance of the M6OAlE1

tank over German terrain as part of an overall evaluation of the MBT70

being pursued under the Department of the Army and preparing terrain factor

complex maps for ground mobility of several military reservations.

3. By letter dated 4 January 1968, BRL requested WES to prepare

terrain factor-complex maps for three military reservations in West Ger-

many. These maps were to be prepared from available-information and ter-

rain data collected on site. Prior to initiation of the on-site data

collection phase of the terrain study, a teletype dated 5 March 1968 was

received from BRL requesting that WES evaluate the mobility of the M6OAlE1

and MBT70 tanks over two traverses in the vicinity of Fulda, West Germany,

for the Department of the Army comparative tank study.

4. This report deals with the terrain study in which the terrain

factor-complex maps were prepared. The mobility performance evaluation

is presented in a WES report entitled "Relative Evaluation of Off-Road

Mobility Performance of the MBT70 and M6OAlEl Tanks in Selected West

Germany Terrains (U)."i

Purpose

5. The purpose of this study was to prepare terrain factor complex

maps of three geographically dissimilar areas in West Germany In quant' -

tative terms as required in evaluating vehicle cross-country performan,.e

using the WES analytical model, and to present the methods and techniques

used in preparing terrain factor-complex maps.



Scope

6. WES methods and techniques were used in the preparation of ter-

!.1 rain factor-complex maps. Separate tasks included the collection and analy-
t
I sis of available information including maps and air photos, establishing

class intervals for terrain factors for which separate maps were prepared,

acquisition and analysis of ground truth data, and preparation of terrain

factor complex maps by overlaying appropriate terrain factor maps.

* 7. Certain requirements and guidelines were imposed on this study by

the sponsor. Those that were pertinent to the scope of this study and the

action taken are listed below.

a. Although the terrain mapping was of general interest in evalu-

ating any cross-country vehicle, the study included specifically the M60El

and MBTTO tanks because of the pending comparative tank study and the time

element imposed by the study. In establishlig class intervals for mapping

terrain factors, the effects of these factors on tanks were considered.

b. Three of five military bases located in West Germany in dif-

ferent physiographic regions ire to be selected by WES. Sufficient hydrologic

and man-made terrain features were to be superimposed on the mapped areas to

make it characteristic of that particular geographic sector of West Germany.

This reqiirement was met as stated.

c. All terrain inclosed by the reservation boundaries minus impact

and built-up areas were mapped. This requirement was met as stated.

& Maps would be prepared for both wet (spring breakup) and dry sea-

son. Only wet-season maps were prepared because soil strength data collected

during the wet season revealed that soil strength would affect vehicle per-

formance only in a few isolated areas, precluding the necessity for preparing
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PART II: TERRAIN DESCRIPTIVE SYSTEM

-' 8. The function of terrain analysis is to supply an interpretation

, I of terrain in terms of performance values (or classes) of a military

machine or activity. This study presupposes a capability for describing

terrain in terms required as input to the analytical model for Oredicting

the cross-country vehicular performance developed at WES,,2 The terrain

input required by this model consists of pertinent factors described in

quantitative terms. The terrain descriptive system .eloped under the

AMD-sponsored MEGA ,.-oject is designed to 6atisfy the input requirements

of the model. It should be pointed out that the META system for measur-

ing and recording terrain factors contains a substantial number of factors

that are not needed for purposes of mobility analysis. Since each factor

was considered as independent of' all others, those not needed for this

project were dropped, and only those factoi that ,are known to produce

an effect on ground iobility were retained. The result of this process

was the establishment of a useful and presently adequate description for

mobility ptirposes. This system is briefly described below.

MEGA System

9. The MEGA system for describing terrain is based on the principle

that all attributes of the terrain that are significant for any specified

) purpose (i.e., that can be demonstrated or hyp~othesized to affect a mili-

tary machine or activity) can be isolated and measured. A sufficient de-

scription of a specified terrain consists of the array of values obtained

by measuring the significant attributes (or factors) in that terrain.
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It is convenient to stratify these fdctor arrays in terms of the char-

acteristic kind of effect that they impose on a specified military activity.

In the present case, this is cross-country locomotion. For exmnple, the

effects produced on vehicle locomotion by the shape of the topographic

surface are generally different in kind from those produced by bodies of

water. Although there are many exceptions to this general rule, the sug-

gestion remains that a division of the terrain into families of related

attributes is both reasonable and convenient in the terrain description

process. This grouping of terrain factors into factor families is referred

to as the factor-family concept, and convenient (although not necessarily

entirely accurate) names are assigned them. Thus, in table 1, the surface

geometry factor family is divided into four factors, the surface composi-

tion factor family for this study consist of only one factor (soil mass

strength) mapr d in varying terms depending on the ty'pe of surface material

the vegetation factor fanily is divided into eight factors (seven per-

taining to structure and the eighth to visibility), and the hydrologic

geometry factor family is divided into five factors. Although the indi-

vidua3l factor families conceptually incorporate all factors relevant for

all possible purposes (paragraphs ll-21),only those listed in table 1

were actually mapped for this project.

10. The apparent complexity of the descripti sys',em appears to

be unavoidable; chiefly because all natural environments are composed of

many factors, and any activity conducted therein will be simultaneously

affected by many of those factors acting either individually or in con-

cert. For example, a vehicle traversing a hill is affected by a combi-

nation of the soil consistency, the slope rngle, the degree of surface



roughness, and the vegetation. On the other hand, different ani varying

combinations of terrain characteristics may produce the same total effect

on a vehicle's performance. Thus, a combination oi? vegetation and soft

soil may produce the same impedance to vehicle speed as does slope alone.

When it is considered that terrain occurs in an almost infinite nunber of

combinations of conditions, it is clear that any system which attempts to

describe all conditions simultaneously becomes complex. The only reasonable

solution appears to be to divide the total array of terrain characteristics

into groups of factors that tend to act in a common manner on any specific

activity. It is primarily for this reason that the MEGA system incorporates

the factor-family stratification of factors, as discussed in the above

paragraph. It is a convenient simplification and is not a necessary part

of the terrain description process. Nevertheless, it does make i.t easier

to define and Bscribe the more or less naturalistic factor groups, as

follows.

Factor Families

Surface geometry

11. This factor family is concerned with the configuration of the

surface of the earth. Such things as slopes, ravines, embankments, ditches,

and plowed fields are typical surface configurations that produce profound

effects on the performance of vehicles. It must be emphasized that consid-

eration of this factor family is governed only by actual physical shape and

arrangement; it is not concerned with what caused the feature or whether

it is man-made ur of natural origin. In short, this factor family is



simply the geometrical configuration of a three-dimensional surface. In-

tensive studies have shcwn that the surface geometry parameters or factors

that affect vehicle movement over a surface axe slope, spacing of vertical

obstacles, terrain approach angles, and obstacle step height. Fig. 1 por-

Itrays these factors graphically and defines the terns.
1urface composition

12. This factor family is concerned with the composition and physical

properties of the materials of the surface of the earth without regard to

tneir origin. The study reported herein is concerned chiefly with soil

as an engineering material, to the exclusion of such materials as consoli-

dated rock, snow, and ic's; even though in a general sense, such materials

axe included in the surface composition factor family. For the purposes of

analysis of terrain for various military activities, such as construction

of roads and airfields, mobility of ground-c ntact vehicles, and construc-

tion of field fortifications, the consideration of soils is divided into

three data-collection categories: soil classification, soil moisture, and

engineering characteristics.

13. Soil classification encompasses the identification of basic

physical characteristics, such as texture, and plasticity. The soil

classification used in this study was the Unified Soil Classification

System (usos).

14. Soil moisture is a basic constituent of the surface materials,

but it is not encompassed in most classification systems primarily be-

cause it varies with time nearly everywhere. All other things being equal,

it is the most important fac'or controlling soil strength. Thus, detailed
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" Vertical obstacle

Definitions:

Vertical obstacle. A surface feature that forces a vehicle to move
in a vertical plane (i.e., up and dowm) while surmounting it.

Slope (Sr.). The angular deviation of a surface from the horizontal,
measured perpendicular to the topographic contours.

Terrain approach angles. The angles formed by the bounding inclines
at the base and top of vertical obsti :les that a vehicle must sense
in surmounting the obstacle. The anp. es are measured with respect to
the horizontal. The angle formed at ,hie base is identified as the
interior approach angle (IA). The angle formed at the top of the
obstacle is identified as the exterior approach angle (EA).

Vertical obstacle spacing (OS). The horizontal distance between
bases of vertical obstacles.

Step height (SH). The vertical distance from the base of a vertical
obstacle to the crest of the obstacle.

F
Fig. 1. Surface geometry factors



inforuiation ont he relation between soils and moisture content is necessary

• before engineering properties of the material can be predicted. 5

15. Engineeri.ng characteristics of soils comprise a group of related

factors describing specific physical properties of the soil-water system

as a whole. The Iactor values are stated as numerical indicators derived

from standard laboratory or field tests and include Atterberg limits and

measures of sOiL strength. Soil strength for this study is measured in
0

terms of mass Atrength.

16. The soil mass strength-vehicle relations for fine-grained soils,

including organic mixtures, sands with fines poorly-drained, and clean

sands, have been investigated in detail, and procedures for predicting the

effect of soil mass strength on vehicle performance have been developed

for cases in which adequate soil surface strengths are present. Similar

relations for organic .oils (peat) are not developed to same level of

confidence. Simple and reliable instruments for measuring soil strength

are the cone penetrometer and the remolding equipment. A discussion of

these instruments and the procedures for their use are presented in Depart-

ment of the Army Technical Bulletin. 6 For this study RCI was the vunit

of measurement for fine-grained soils and sands with fines poorly-drained.

CI was used for coarse-grained and organic soils. The critical layer

Tdepth, 6-12 in. for fine-grained and organic soils, and 0-6 in. for coarse-
grained soils was mapped.

Vegetation

17. This factor family includes two related assemblages of proper-

ties: vegetation structure and screening characteristics. Each of these

properties deals with particular characteristics of vegetation as a whole.
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In this context, vegetation includes all plants growing on the surface

ft of the earth or on other plants.

S.1 18. Vegetation structure comprises the relatively gross physical

attributes of plant growth. It is the geometry of the vegetation as a

whole and incorporates the physical properties known or assumed to produce

direct effects on military activities; the factors include stem size and

spacing, height, branching characteristuics, etc.

19. Screening characteristics of vegetation is an artificial prop-

erty of vegetation in.the sense that it is an arbitrary measure of an

effect of the vegetation structure on a specific activity rather than a

measure of a direct physical attribute of the plants themselves. The

property measured is the effect of plant growth of vsrying density on

visibility along selected lines of sight. Consideration of visibility,

in the total s nse, involves a variety of phenomena not all related 'to

vegetation per 3e. Kt is evidently a function of the number and size of

obstructions, the amount and quality of available light, the physiological

variations in the observer (e.g., color blindness or myopia), and the

p psychological reactions of the observer as controlled by his experience

and familiarity with the specific situation.

20. Vehicle tests conducted by WES have indicated that the three

vegetation factors most critical to cross-country mobility are stem diam-

eter, stem spacing, and visibility. Each of these factors was mapped in

this study.

Iydrologic geometry

21. This factor family is concerned.with the shape, size, and dis-

tribution of water bodies of all kinds. Here, temporal variance is a



matter of concern, since these shapes, sizes, and distributions of water

bodies vary with time. There are also dynamic considerations such as

current velocity. For example, water splash created by high current

velocities may drown out an engine and immobilize a vehicle just as

effectively as excessive water depth or approach angles beyond the capa-

bility of the vehicles to negotiate. All drainage features containing water

regardless of dapth were considered to be hydrologic geometry features.

Factors used to describe the hydrologic geometry characteristics are water

depth, interior and exterior approach angle, stream width, step height,

and position of step base. The hydrologic geometry factors used to de-

scribe a feature are dependent upon two conditions: (a) where the water

depth is less than 3 ft, and (b) where the water depth is 3 ft or greater.

This subdivision was selected because most military vehicles can ford

water depth less than tree feet. All the factors are the same except tho

position of step base is not used to describe features with less than 3

ft of water, and the step height is measured differently under each wate.-

depth condition. Fig. 2 graphically portrays each condition and indicates

the features used to describe each. The factors are also defined in

fig. 2.

a, j



qASE I- Water depth < 3 ft

1AA
* .tASE II - Water depth 23 ft

EA. ,.sWD

CASE I:

Water denth (wD). The greatest vertical distance between the water sur-
face and the bottom of the channel.

Stream width (SW). The horizontal distance between the point of water-land
contact on the bank to the water-land contact on the opposite bank.

Interior approach anrle (IA). The acute angle the stream bank makes with
the horizontal at the point th bank intersects the streambed.

Exterior approach angle (EA). The acute angle the stream bank makes wit-
the horizontal at the point the bank intersects the ground surface adjacent
to the feat-Lre.

Step height (SH). The vertical distance from the stream base to the top
stream bank.

CASE II:

Water depth (WD). Same as for Case I.

Stream width (SW). Same as Case I.

Interior approach angle (IA). Same as Case I.

Exterior approach angle (EA). Same as Case 'I.

Steo. A step is a facet of the channel bank that (a) is steeper than that
TO* tion of the bank where the interior approach angle is mea'8ured, (b) ex-
ceeds 35 deg in slope, and (c) is at least 15 cm in vertical height.

Step beight (SH). Step height is the difference in elevation between the
top of the bank and base of a step.

Position of step base (P3O). Position of step base is the vertical dis-
, ~tance of the base of a step above or below the surface of the water.

Fig P. Hydrologic eometrv factors



PART III: DATA COLLECTION PROGRAM

Selection of Study Areas

22. The areas to be studied were selected on the basis of the the

following considerations: (a) availability of large-scale air photographs,

(b) variations of terrain conditions, and (c) accessibility of areas for

field sampling with the additional possibility of conducting future mobility

tests. Because a large percentage of Germany is covered with recent (1965)

! . . air photos, this time 'imposed practically no restriction on the selection

of study areas. It is always desirable for study areas to include as much

meaningful variation in terrain as possible; however, this usually requires

a study to determine the terrain .variations that occur within a country or

region under consideration. An unrestricted dhobicd"f siay-*Ueas usually'

involves privately-owned land where easements must be obtained. This in-

volves time and usualJy money. If the selection of areas is restricted

to military reservations, access problems are normally eliminated or

minimized. Because of the time and fund limitation, it was felt

that the objective of the study could be adequately met by restrict-

ing the selection to military reservations. Five military reser-

vations, Baumholder, Bergen-Hohne, Grafenwohr, Wildflecken, and Hohenfels

(see fig. 3), were originally chosen with the stipulation that available

maps and literature covering thepe reservations would be studied and the

three reservations containing the maximum terrain variations would be se-

lected for detail study. From this preliminary examination Baumholder,

Bergen-1lohne, and Grafenwohr were selected because the terrain at these

reservations included similar tyrpes that occurred in the other two
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Literatare Svrvey

23. A literature study was initiated to locate and review all avail-

able data, maps, and aerial photographs covering the five selected study

areas. Agencies contacted prior to the field work were the Army Map Service

(AMS), U. S. Geological Survey (USGS) Library, Military Geology Branch of

the USGS, World Soil Management Group of the Department of Agriculture, and

the Defense Intelligence Agency. A search was also made at German and

American agencies in Frankfurt, Schwetzingen, Mainz, Fulda, and Hannover

during the period spent in Germany. As expected, the references did not

contain quantitative data in terms of the terrain factors considered for

this study. Previous literature searches have resulted in locating very

little, if any, data in the quantitative terms required by the WES mapping

system. Results, therefore, were as expected. It should be pointed

out that the m jority of the references were in German and only a casual

review was made. however, the few available English references proved

useful in obtaining a general knowledge of the region.

24. Topographic maps at a scale of 1:25,060 were available for all

the reservations. Geological maps at a scale of 1:60t,000 and 1:800,000

covered Baumholder and Grafenwohr, respectively. A soil map at a scale of

1:1000,000 and vegetation maps at scales of 1:20,000 and 1:25,000 covering

all the reservations were located. The search for aerial photographs re-

vealed that coverage flown in 1953 at scales ranging from 1:20,000 to

1:37,000 was available for large portions of the reservations and recent

(1965) air photo c-overage flown by the German Air Force at a scale of

1:24,000 was ave.ilable for all the reservations except for about 15 percent

of Grafenwohr. Both coverages were obtained through AMS. Unfortunately,



the recent coverage was not received until the field work was completed.4 However, aerial mosaics compiled from the 1965 coverage were available

prior to the field work and were very useful.

-i I
Site Selection and Field Sampling

25. The field data collection program began on March 13, 1968 and

terminated, on April 24, 1968. During the course of the field investigation,

the following number of sites were sampled:

Number of Sample Sites
Military Reservation SG SC VEG HG TOTAL

Baumholder 29 51 21 3 144

Bergen-Hohne 29 50 26 36 141
Grafenwohr 41l 50 22 33 146

Total 99 151 69 112 k31

The location o each site in tl e reservation is show,, in figs. Al, A2, and

A3 in the Appenaix.

27. Sample sites were selected by studying air photos, photomosaics,

and topographic maps, and making ground reconnaissance. The mosaics were

examined to identify variations in tone and texture indicative of different

terrain conditions. After the sites had been selected, their locations

were spotted on the topographic maps. A limited ground reconn.issance was

made to verify the selected sites, so that any significant terrain varia-

tions that had not been previously recognized could be detected.

28. The sites were then assigned to the teams; the surface geometry

sampling team was given those for which the principal reason for selection

was surface configuration; the vegetation team was given those selected

- " as illustrative of distinctive vegetation patterns; etc. As the sampling



progressed, additional sites were selected by the team. captains at loca-

tions where the variations in characteristics of a factor had not pre-

viously been sampled. The methods employed to collect data for each of

j the terrain factors are discussed in the following paragraphs.

Surface geometry

29. Field data collected for surface geometry factors were almost

1 "exclusively in the form of profiles. Sufficient profiles were taken so

that any feature could be reconstructed and the desired information for

each factor obtained for mapping. These profiles were run with a site

marker transit, a steel tape, and a Philadelphia rod. The length of

profile depended upon the feature(s) being sampled. The data were recorded

as shown in fig. 4. Where isolated features such as escarpments and road

I embankments occurred, the slopes at the top and bottom of the face were

measured with a Brunton compass. The vert5 -l di.tance or height of the

face was measured with a Philadelphia rod except where the height exceeded

12 ft, and in these cases it was estimated.

Surface composition

30. Surface composition data collected in the field included (a) CI

readings, (b) RI, (c) soil profiles, (d) bulk samples, and (e) supplemen-

tary site data, At each site, 10 CI penetrations were made in an area

approximately 10 by 20 ft in size. For each penetration, the CI was meas-

) ! ured at the surface, and then at 3-in.-vertical increments down to a depth

of 18 in. When an unrealistic (very high) reeding occurred due to rock

fragments or rootlets, the penetration was started a few inches to tle

right or ].eft of the original point. When the soil was very firm, CI

values were taken in 1-in. -vertical increments to a depth of 3 in. Where
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soil conditio:s permitted sampling, RI was measured for the 0- to 6- and

6- to 12-in. layers. These above data were recorded on forms as sho~m in

fig. 5. A pit was dug at each site to a depth of 18 in. (where possible),

and a soil profile describing each horizon was recorded. Field techniques

were used to describe the soil type. Bulk samples were taken at represent-

ative sites for laboratory determinations of soil type, organic content,

and moisture content. Supplementary site data obtained at each site in-

cluded general statements as to the topographic position, slope, land use,

vegetation cover, and depth to the water table. These data were recorded

on a form as shown in fig. 6.

Vegetation

31. Structure. The vegetation.structure was sampled using the

structural cell technique. In brief, a structural cell may be defined

as "kinimum area which includes a statisticr Ely significant sample of all

the important variations in terms of selectef. parameters, present in a

given plant assemblage.,7

32. In theory, there exists a separate structural cell for every

measurable feature of a given plant assemblage. Thus, a structural cell

may be generated on any one or any combination of parameters. For

example, the major interest in this study was the distribution of tree

fstems of specific diameters. Therefore, specific stem diameter classes

(>1, >2.5, >4, >5.5, >7, >8.5, and >10 in. in diameter) were chosen as a

basis for the structural cell.

33. The parameter chosen to generate the structural cell is called

the cell determinate factor or the determinate factor. Thus, in this

report the determinate factor was a specified range of stem diameters.
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[I' Supplementary Site Data

Site No. r 33 Location: r'ew 6er2i y 551941

Sampling Team: faCk170fl V #00ods -Page of

Land Use (Select as many as required to describe condition: circle appropriate
terms.)

Q Not obviously used by man or domestic animals. C

2. Obviously used by man or domestic arimals.

a. Cropland currently in use (:-xclu:ing hayfie3d, orchards, vineyards,
tree plantations). Type

b. Cropland currently lying fallow (excluding hr~ffe]-. orchards,
vineyrards, tree plantations). Type

c. Area grazed by do:iestic animals

d. Hayfields (not currently being grazed)

e. Orchards, vineyards, tree plantat-ons. Type

f. LUwns, recreation areas

c. iogged, cut for fuel, newly cleared for slash-tand-burn agriculture

Depth of water over soil surface (if any): 2XIe/rpad ed on sarlace

Depth below surface of free water (if any): 2W'

Depth to bedrock (if any): 
>36

Vegetation (select one, if possible. If a choice between two is difficult,
indicate both.)

1. Forest Tall scrub woodland 9. Tall-grass prairie
2. Woodland . Tall scrub savanna 10. Short-grass prairie
3. Savanna * Low scrub 11. Barren
4. Tall scrub forest 3. Low scrub savanna

Maximum topographic slope: 26 4"o /y
Topographic position: Bollom3d fl / (/Aj rsh)

Profile Sketch

Molds, melled b'eqdal Crek size lopeiialer xlih smell
amoune of scmnd
6/7ch, 6 K2 2/0 Ma rdowoods 2":6 "dl7m.

c/ , ,e 9 fow/d' Ran dom yarfcdce hbre~ru/dr
S r creek bul iiol al site
n WES Form No.: ,-~41 Yle ~ l riibll 50"odue to scrub

.. ...... ,w, June 19 4 {. ,,,, ~~w .... . . .^ a". .. . . . .



In general, each vegetation sample that is described shoul- be large

enough to encompass most of the structural variations existing in the

stand as a whole. It has been determined that most vegetation structures

are adequately described when the sample is a circular area incorporating

20 members of the determinate population.

.34. The sampling procedure used for vegetation structure can be

briefly described as follows. A cell center was selected at any point

within a vegetation assemblage and a site marker transit set up over this

center point. From the center point the distance to the closest stem

(tree) was measured. This stem was identified as stem number 1, and its

position and all data pertinent to this stem were recorded under the ap-

propriate column on a vegetative .structural data form (see fig. 7). This

procedure was repeated, moving always in a circular direction around the

center point to ensure proper sampling of each stem. The next closest

stem was measured and recorded in the same manner as was stem number 1.

This process was continued until approximately 20 of the most frequently

occurring stems of the largest diameter had been measured and recorded.

To avoid confusion, each stem was flaged as Ghe data were recorded. The

cell diameter is twice the distance from the center point to the furthest

cell determinate stem. The method used to determine the average spacing

of stems is discussed in the data reduction section.

34a. Visibility. Visibility was sampled at each vegetation strut-

ture site before the structural data were takei so the the vbgetation would

not be altered by any trampling that might occur during the structural

sampling. The sampling procedure at each site was as follows. The site

marker transit was set up over the center point of the cell and the line of
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sight oriented tcward magnetic north. Magnetic north and other direc-I tions that were taken were determined with a Brunton compass. The

rodman, carrying 10 targets of various shapes (circles, rectangle, star,

triangle, etc.) with a maximum dimension of 1 ft, proceeded to a distance

of 15 ft from the cell center and stopped just outside the line of sight.

At this point each target was held at three heights above the ground (1.5

ft, 2.5 ft, and 5.5 ft) and the ability or inability to recognize the shape

of all targets was recorded on a form (fig. 7a). After these data were

taken, the rodman continued outward along this azimuth, stopped every 5

ft, and repeated the procedure of holding the targets at each height until

a distance of 45 ft from the center was reached. The same procedure was

i* repeated along azimuths every 30 deg around the center point and was con-

eluded at an azimuth of 330 deg.

Hydrologic geometry

35. The field sampling of hydrologic geometry features was similar

to that of surface geometry features in that it consisted of taking pro-

files perpendicular to the feature. A starting point was selected some

50 to 75 ft from the water's edge of a bank or a distance that would en-

compass the feature, and a base line perpendicular to the feature was

established. The azimuth of the base line was determined with a Brunton

compass. A steel tape was placed at the original point and extended along

) the base line to a terminal point 50 to 75 feet from the water's edge on

the opposite bank. Horizontal measurements, such as positiohs of verti-

cal offsets, were read directly from the tape. Stadia were read in place

of the tape to determine the horizontal distances along the base line of

hydrulogic features that exceeded 3 ft. Vertical offsets and depth of
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Fig 7a. Visibility data form



water along the profile were taken with the transit and a Philadelphia

rod. Where the water was too deep for wading, the rodman used a rubber

boat. All of these data were recorded on a form as shown in fig. 8.

36. CI readings were taken along both banks of the feature and in

the streambed. These data were recorded on the same form used to record

surface composition data (fig. 5). The number and spacing of the CI read-

ings were left to the discreticn of the team leader. Normally, five read-

ings were taken along each bank and three were taken in the streambed,

except where rock fragments prevent accurate readings.

37. When practical, current velocities were measured at several

points along the cross section, with the points chosen to give a reason-

ably reliable current velocity profile across the channel. The velocity

was measured by placing a wood chip in the water and measuring the time

required for _' to travel a specified distance.

_________ data c:,llection

38. In addition to quantitative measurements of terrain condi-

tions, ground photographs are extremely helpful in documenting terrain

features. During the field work, each team selected views that would be

of benefit in describing terrain features. Selected photographs taken

within each reservation are included in this report (photographs 1-22).

The locations of the photographs are in terms of military grid coordinates.

Data Reduction

39. Field data were reduced to a form suitable for' use in preparing

the individual factor maps. &xisting forms were used or special forms
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were made to record the reduced data, making them readily accessible

during the mapping phase. Field data summaries are presented in

Appendix A.

Surface geometry

40. Surface geometry profiles were plotted from the field data.

The profiles were plotted using the same vertical and horizontal scale

so that true values could be taken directly from the profiles. Values

for spacing of vertical obstacles, interior and exterior approach angles,

and step height were obtained from the profiles at each sample site and

recorded on data summary sheets. The profiles were generally not long

enough to obtain the meaningful slope values; therefore, slope was mapped

from the topographic map.

Surface composition

41. Soil data collected at each site were reduced to obtain an

average value for the CI and RI, where required RCI was computed and

laboratory tests were run on the soil sepples to obtain a laboratory

classification to check the field classification. Only the CI values

were used for coarse-grained and organic soils, and the CI and RI were

used to obtain RCI values for fine-grained soils. An average CI value

for each depth (0, 3, 6, 9, 12, 15, and 18 in.) was obtained from the

10 measurements made at each site. These average values were used to

calculate average Cl's for the 0- to 6-in., 6- to 12-in., and 12- to

18-in. layers. At sites composed of fine-grained soils, the RI's and

the CI's were used to compute the RCI for each probe in the 6- to 12-in.

layer. All probes were then averaged to obtain the RCI for each site.

Laboratory analyses of the bulk samples from representative sites were



performed. These tests determined the moisture content, density,

percent saturation, specific gravity, liquid limit, plastic limit, and

organic content.

Vegetation structure

42. The vegetation data were reduced and average spacing values

for each of the stem diameter mapping categories (>1.0, >2.5, >4.0, >5.5,

>7.0, >8.5, and >10.0 in.) were computed using the following equation:

D

ST

Where

S = stem spacing, ft

D = cell diameter, ft

N = number of steus

The cell diameter and number of stems for each of the above-mentioned

mapping categories were obtained directly from the field data sheets re-

corded in the field. For example, at each vegetation site, the cell

diameter D was determined by a circle that included the stem farthest

from the center of the cell (this value is a constant for each site).

Then all stems >1 in. in diameter were counted within the circle to

obtain a value for N . The two values were substituted in the above

equation and the spacing of stem >1 in. was computed.

) 43. The N values for the remaining stem diameter mapping class

(>2.5, >4.0, etc.) at each site were obtained by simply counting the stems

within the cell that were included in each of the classes and substituting

the appropriate values in the equation to obtain the stem spacing for that



map class. The calculated stem spacing values for each site were re-

corded on summary sheets.

7I Vibili

I.44. The visibility data were extracted directly from the field

data and placed in the appropriate class range. The reason for record-

ing only one visibility value, even though visibility was collected at

three heights, was that the understory was so uniform that when one

target was visible, the other two targets were also visible.

Hydrologic geometry

45. The procedure for reducing the hydrologic geometry field data

was similar to that used for surface geometry. Profiles were constructed

from the -field data and plotted with the same horizontal and vertical

scale. The water level at both banks was plotted on the profile from

which the strt i width and water depth were measured. The interior and

exterior approach angies, step height, and position of step base (if

present) were measured directly from the profiles. As pointed out in

paragraph 21, the method of measuring some of the factors was dependent

upon whether the water depth was less or greater than 3 ft. After the

water depth category was determined at a site, the appropriate measure-

ments were made (see fig. 2). Stream velocity was, a simple computation

of the time required for a wood chip to float an established distance.

Where more than one velocity was taken at a site, the velocity values

were averaged. Average cone index values for the 6- to 12-in. layer

were computed for each bank and the streambed using the procedure dis-

cussed in paragraph 41.

-,2',



Factor Classification

46. The terrain factors (table 1) that were measured had been

isolated in previous WES studies because they were essential to the

vehicle performance prediction model. Further, the factor complex maps,

an end product of the terrain description process, would graphically

portray the data from which the terrain factor input to the performance

prediction model is obtained. However, in order to show factor values

as areal or linear phenomena rather than as a number of isolated points,

it is necessary to erect classes of factor values. Each such factor-

value class is a map unit.

47. This process of fitting classes to vehicle characteristics is

relatively simple; however, it is complicated by the fact that the classes

also have tr be recognizaule, or at least interpretable, from air photos

because the only practical method of extrapolating data to unsampled areas

is by means of photo interpretation. Little is accomplished by insisting

on a class interval if that class can not be mapped. Conversely, if the

class interval is too large the total effect produced may occur in one class.

As a result the desires of the mobility predictors and ability of the

'photo interpreters were compared, and a compromise was made in finalizing

the class interval. The agreed upon class ranges are shown in table 1.



PART IV: J-MTERPPETATION AND MAPPING TFEHNIQUES

48. The data collected by the field teams described only the terrain

characteristics at the exact places where the data were taken. In order

to map the distribution of factors and factor values for every point in the

three reservations,.a method had to be applied for extrapolating the scat-

tered point data represented by the samples to describe the entire area.

Since the only other data that covered the entire reservations were maps

and air photos, this meant that, for all practical purposes, the problem

was reduced to one of applying map and air-photo interpretation techniques

(principally the latter) to nap the specific areas within reservations in

terms of terrain factor classes.

149. The available air photos for this project were at a scale of

1:24,000. The date of the photography was 1965 except for about 15 percent

of the Grafenwoh. Reservation, which was flown in 1958. The quality of

1965 photograpIy was excellent and the older photography was considered

good.

Air-Photo Interpretation Techniques

-50. -Two approaches can be followed for ascertaining the character-

3 iistics of features in air-photos. These are (a) direct measurement and

(b) inference or interpretation based on the pattern the features exhibit

in the photograph. Naturally, where ground measurements were available,

these data were used to identify the feature as well as to assist

in extrapolating characteristics in similar patterns in unsampled areas.



51. The ability to make direct measurements from air photos is de-

pendent upon scale and quality of the photos, the physical characteristics

of features to be measured, and the increment of measurement. The factor

characteristics in the increments required by this study coupled with the

photo scale (1:24,000) made practically all measurements from air photos

unreliable or impossible. Because of the above, it was necessary to assign

factor classes through inference or interpretation of the air-photo patterns

exhibited by the factors. Actual field measurements plus observations made

during the field work in areas other than the sample sites were used to the

maximum extent in assigning factor classes to the air-photo patterns.

Photo-interpretation criteria used during this study are briefly discussed

in the following paragraphs.

Surface geometry'

52. Photo interpretation keys used to m" the class ranges of the

surface geometry factors were difficult to estaJlish. However, an associa-

tion between the topographic position and patterns exhibited by soil type

was a general indicator of surface expressions. Ground truth data and ex-

tensive ground reconnaissance were used to assign values to photo patterns

and to extrapolate into unsampled areas. Large surface geometry features

could be identif-.ed on the air photos through stereoscopic examination and

Ithe appropriate values assigned from the field data.
Surface composition

53. Identification of soils types on air photos wgs made through the

association of topographic position and tone and texture with field data.

The peat and organic soils (PT, OL, and OH) are easily recognized on air

photos because of their relatively low topographic position and
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fine-textured pattern with various shades of gray. The light to dark gray

tones are indicators of the moisture content. Various tones of gray with a

smooth to slightly granular texture are indicative of the silts (M) and

silty sands (SM). These soil types occurred between the topographic highs

down to the transitional zone bordering the drainageways. A mixture of

clays (CH, CL), silts (ML), and poorly graded sands (SP) characterized by

a linear band are associated with the drainageways. This band was usuc.lly

medium to dark gray uith a medium texture.

Vegetation

54. Air-photo patterns and associated field measurements were relied

upon almost completely in determining vegetation characteristics because

stem diameter and spacing could not be measured directly from the available

photographs. Forested areas were almost entirely composed of stands of

pine trees with . few scattered hardwoods. Grasses anCL/or scrub occupied

I ithe remainder of the vegetated areas. Air-photo patterns with a smooth

texture and dark gray tone are indicative of planted pines with stems up to

6 in. in diameters, Vnich are usually spaced less than 6 ft apart. A

slightly granular pattern with shades of medium to dark gray indicates max-

imum stem diameter of 10 in. and stem spacing up to 15 to 30 ft. Stands of

hardwood trees are distinguished from the pine stands on a photograph by

f their lighter gray tone, mottled texture, and larger nonuniform crowns.

Hydrologic geometry

55. The streams and drainageways were identified by their narrow

linear patterns on air photographs. Lakes and ponds appear as textureless

patterns with mediun to dark gray tones. In classifying hydrologic fea-

tures, ground trutt data at specific sites were used to extrapolate to un.-

sampled stream segments.
4E
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Factor-Fwa:iily Mapping

56. 3efore the air photos were studied, the data collection site lo-

cations were plotted on the photomosaics. Drafting, reproducti on, and

symbol recognition considerations dictated that the minimum wi(Ith of any

delineated area would be approximately 1/10 in.; thus, the smallest map-

pable unit would be a circle 1/10 in. in diameter on the base maps* (scale

1:25,000). Each site was annotated on the photomosaic with the appropriate

class designations for utilization during the photo-interpretation phases

of the study. This sequence was followed individually for each factor

family. The procedure used to compile the factor maps is discussed in the

following paragraphs.

Surface geometry

57. S]._ .. - 'pe was mapped principally from .opographic maps, but

air photos were i-. _'n certain special cases. To facilitate the mapping,

a transparent template was constructed having a series of circles with di-

ameters equal to the horizontal distance between contours at each break in

the slope classes. The template was manipulated over the topographic

sheets, isolating outlining, and identifying areas characterized by the

various slope classes. Fig. 9 is a slope-factor map of a portion of the

Baumholder study area. It should be noted tbat the slope values in the

factor maps are mainly descriptors of topographic slopes, without annota-

. tion as to direction of slope.

58. Spacing of vertical obstacles. Where recognizable, the spacing

of vertical obstacles was determined from air photos by using a transparent

template with a scale having graduations representing the limits of each
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mapping class. Spacing of obstacles that could not be measured on the air

&photos was correlated with patterns where ground data were available.

Areas were delineated, and mapping classes were assigned on the photo-

mosaics and then transferred to the mapping base sheets. Fig. 10 is a

spacing-of-vertical-obstacles factor map of a portion of the Baumholder

study area.

59. Terrain approach angles and step heights. The photomosaics with

the site locations and corresponding class values were the point of depar-

ture in the identification and mapping of the terrain approach-angle and

obstacle step-height factors. All distinctive air-photo patterns were

identified on the photomosaics. After these patterns had been delineated

and described, they were then identified in terms of factor class values.

Where sample sites occurred within a patterh, the class ranges for terrain

approach angle and step height were assigned -'rein .e field data. For pat-

terns that were devoid of sample sites, classL UI berrain approach angle

and step height were estimated through photo-interpretation techniques.

Class values for each pattern were then extrapolated tc similar or equiva-

lent air-photo patterns, and the factor maps were drawm. Figs. 11 and 12

are terrain approach-angle and step-height factor maps, respectively, for a

portion of the Baumholder study area.

60. Compilation of factor-family maps. Presentation of separate maps

for each of the surface geometry factors would have imposed problems in

evaluating surface gecmetry characteristics in each specific area of in-

terest. To eliminate these problems, it was fotnd to be both feasible and

desirable to synthesize all of the factors into a single map. This syn-

thesis was simply a process involving sequential superpo.;itioning of the
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*Each map unit represents an array of two fractional symnbols (i.e. 1/1 10/10) indi-

cating mapping classes of exterior (EA) and interior (IA) approach angle. The
numerator of the fraction indicates class ranges that will te encountered %bile
+-aversing an area in an easterly direction (i.e. azimuth from>O to 180 deg) and
the denominator refers to a westerly direction (i.e. azimuth froa>lO to 360 deg),
assuming that the vehicle intersects the feature at a right angle.
Mapping class znges of the approach angles are:

Mapping Range Yapping Range
Class de,_C U_ dg
1 0-1.5 6 >22-27
2 '1.5-4.5 7 127-31
3 )4.5-10 8 -31-36
4 P M-17 9 '36-45
5 >17-22 10 >45

Fig. 11. Approach angle-factor map - Baumholder
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*Each trap unit represents a fractional symbol (i.e. 1/1) indicating a imoping
class of step height. The numerator of the fraction indicates.class ranges
that will be encountered vhile traversing an area in an easterly direction
(i.e. azimauth from 70 to 180 deg) and the denominator refers to a westerly
direction (i.e. >180 to 360 deg) ,assaiing that the vehicle intersects the
feature at a right angle.

Mapping class ranges of step height are:

Mapping Range

24 8-10
3 10-12
4 124
5 >4-16

7 I'20-30
-8 > 30

Fig. 12. Step height-factor map -Baumholder



four factor maps. To assure uniformity, the maps were always supc-.posed in

the fo)loring sequence: slope, spacing of vertical obstacles, terrain ap-

proach angle, and step height.4 The basic process was as followrs:

a. One of the factor maps was selected as a datum. In this

example, the slope class map (fig. 13a) was chosen. The

factor classes occurring on that map were tabulated (see

sheet 2 of fig. 13).

b. A second factor map (in this case, the vertical obstacle

spacing maps) was chosen and superposed on the datum map,

as shown in fig. i3b. All combinations of classes of the

two factors that occur on the combined map are tabulated

* (sheet 2 of fig. 13). Note that in the tabulation the first

digit position indicates the ,. -oss o' the datum map (in this

case, slope) and the second digit indicates the class of the

superposed map (in this case, vrtical obstacle spacing).

c. A third factor map (terrain approach angle map in the exam-

ple) was chosen and superposed on the combined map shown in

fig. 13b. The result of this combination is shown in fig.

213c. The factor combinations were recorded (sheet 2 of

fig. 13) as before.

) ;d. This process was repeated as many times as there were factor

maps in the set; in this example, one more time for step

height (fig. 13d). Note in sheet 2 of fig. 13 that each map

unit is now identified by an array of four numbers (e.g. 1,

2,3,3) representing the map classes of slope, spacing of
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vertical obstazles, terrain approach angle, and step height,

in that order from left to right.

e. This tabulation (sheet 2 of fig. 13) was the basis for the

legend for a combined map, which is called a factor-family

map. The factor-family map derived from the example is pre-

sented in fig. 14. Each discrete combination of factor-

value classes was assigned a single code number, as indicated

in the legend of the sample nap in fig. 14. The code numbers

were used as symbols to identify areas on the map; such areas

are called factor-family types. Fig. 15 illustrates the

surface geometry factor-family map compiled by superposing

the four surface geometry factor maps (figs. 9-12) of a por-

tion of the Baumholder study area.

Surface composition

61. The surface composition factor of relevance to vehicular mobi.l-

ity Yapped in this study was soil mass strength, identified in terms of RCI

or CI depending upon grain size of soil and organic content. This factor

was mapped through interpretation of air photos using criteria derived from

associations of strength measurements with soil type, topographic position,

depth to bedrock, drainage characteristics, and land use. Because this

factor was mapped at only the moisture conditions that were encountered

during the field sampling, only one map was prepared for the surface com-

position factor family; therefore, the soil mass strength-factor map was

also the surface composition factor-fanily map, and no superpositioning of

maps was required. There were 20 surface composition map units in the

three Germany sludy areas. Fig. 16 is a surface composition factor-family



i,01* _ ___ ____ ___ __

II

I I

8

LEGEND

MAP UNIT SL OS AA* S..

1 1 .. 3 3
2 3 3 6
3 1 3 5 6

5 5 3 SL SLOPE CLASS
1 1- 5 k OS = VERTICAL ODSrACLE SPACING CLASS

7 4 5 6' AA = APPROACI ANGLE CLASS
8 . 4 9 4 SH =STEP HEIGHT CLASS
9 3 2 5 3

10 3 4 5 3
1]. 5 9 4
12 5 4 9 4

NOTE THAT IN PLATES 3 AND 4, THESE ARE GIVEN AS "FRACTIONS"; APPROACH ANGLES
FACING NORTH AND EAST ARE GIVEN AS THE "NUMERATOR"; APPROACH ANGLES FACING
SOUTH AND WEST ARE GIVEN AS THE "DENOMINATOR." SEE VOLUME III OF THIS SERIES OF
REPORTS FOR DETAILS.

Fig. 111. Factor-family (surface geometry) map and legend
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The numerator of the fraction indicates class range that will be encountered while
traversing an area in an- easterly direction (i.e. azinruth from '0 to 180 deg) and
the denominator refers to a westerly direction (i.e. azimuth from '180 to 360 deg)
assuming that the vehicle intersects the obstacle at a right angle.

%pping class ranges of each surface geometry factor are:

Slope Spacing Approach Angle " Step Height
Map Map Map Map

Class deg Class ft Class deg Class -in
1 0-1.5 1 0-50 1 0-1.5 1 8
2 '1.5-4.5 2 ,50-150 2 '1.5-4.5 2 8-10
3 ,4.5-10 3 >150-225 3 > 4.5-10 3 ,10-12
4 PI0-17 4 --225 4 '10-17 4 > 12-14
5 >17-22 5 %17-22 5. > 14-16
6 ),22-27 6 . -22-27 6 -16-20
7 ' 27-31 7 1 27-31 7 '20-30
,8 '131 "8 >31-36. 8 '30,

9 >36-45
10 '45

Fig. 15. Surface geometry factor-family map - Baumholder
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map. To identify the soil mass strength along the banks and bed of hydro-

logic geometry features, a linear surface composition map was prepared.

Soil conditions along these features were identified on the aerial photo-

graphs using principally the soil data collected along the hydrologic geom-

etry profiles and the areal surface composition factor-family maps. This

map was actually prepared in conjunction with the hydrologic geometry

factor-family map.

Vegetation

62. The stem diameter, stem spacing, and visibility factor maps were

prepared by interpretation of air photos. Air-photo patterns where actual

ground data were collected at sample sites were assigned appropriate class

values. and these values were then extrapolated to similar photo patterns.

Distinctive air-photo patterns devoid of ground data were assigned vegeta-

tion factor val ,es us:.ng photo-interpretation keys developed during this

study. Once ty-p- patterns had been identified, similar air-photo patterns

could be assigned like identification by the judicious use of the keys.

63. Once vegetation factor classes had been delineated on the photo-

mosaics, these delineations and identifications were transferred to the

final 1:25,000 base maps. The method of synthesizing the eight factor maps

into a factor-fancily map was similar to that discussed for surface Zeometry

(paragraph 60). The resulting map has an eight-digit array within each

outlined area. The first seven digits identif y the spacing classes of

stems with appropriate diameters >1, 2.5, 4, 5.5, 7, 8.5, and 10 in., and

the last digit represents the visibility class. A tabulation of each dis-

crete combination was prepared for each study area described in paragraph

Fig. 17 is a final vegetation factor-family map.
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,Fig. 17. Vegetation factor-family map -Baumholder



yd4ro?.gic geometry

64. The individual hydrologic geometry features were mapped through

stereoscopic examination of the air photos. One or a combination of the

following source, of information was used to establish class ranges for

the factors within each distinctive air photo pattern: Field measurements,

topographic maps, ground photographs, personal observations of the areas,

and background knowledge of hydrologic principles. The first step was to

prepare a base map writh all of the hydrologic features. The water depth

map was then prepared whereby every segment of the stream network was

identified in terms of' a class range for water depth. The map was prepared

first because the r3 ft and a3 ft water depth of hydrologic geometry fea-

tures have a bearing on the step height measurements and whether a position

of step base is mapped. After all of the hydrologic geometry factor maps

were prepared, they were synthesized into a factor-family map. The method

of synthesizing was similar to that discussed for surface geometry except

that lines were subdivided instead of areas. The resulting map has a

seven-digit array of numbers for each segment of the stream network. A

tabulation of each discrete combination was prepared for each study area by

the method described in paragraph 60.

65. Linear surface geometry features were portrayed on the same map

and were identified in terms of step height and interior and exterior ap-

proach angles on both sides of the feature. To simplify and alleviate

serious cartographic problems, both characteristics were identified by a

single number. Numbers were assigned numerically to the stratified surface

geometry combination beginning with a nunber greater than the maximum

number assigned to the hydrologic geometry combination. Fig. 18 is a
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hydrologic geometry factor-family map of a portion of the Baumholdur study

area. Fig. 19 is an example of a linear surface geometry map of a portion

of Baumholder.
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Fig. 19. Linear surface geometry factor-family map - Batuholder
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PART V: CONSTRUCTION OF FACTOR-COMPLEX MAPS

66. Factor-complex maps represent the final synthesis of the factors

of the four families that describe terrain. Figure 20 diagrammatically

Terrain Factor Terrain Factor
Terrain Factor Family Complex

Slope
Spacing of Vertical Obstacles S a G e
Terrain Approach Angles
Step Height
Soil Mass Strength Surface Composition Areal

Spacing of Stems >1,2.5,,4,
5.5,7,8.5,10 in. in diam _t

.- Veget at ion
Visibility

Approach Angles
Step Height
Water Depth Hydrologic Geometry- - - Linear

Stream Width

Fig. 20. Construction of terrai factur-complex maps

shows the various factors of both areal and linear factor complexes and

the sequence in which they are combined. Because of mapping scale, fea-

tures on the hydrologic geometry factor-family maps are almost entirely

portrayed as a single line that indicates the planimetric position of the

hydrologic feature (e.g., a segment of a stream or canal, or the shore of

a lake), and the factors characterizing that feature are annotated by a

symbol beside it. On the other hand, the surface geometry, surface compo-

* sition, and vegetation factors could almost always be portrayed as areas.

Therefore, tc avoid the cartographic confusion that would result from

mixing areal -.nd lirear designations on the sane map, two different factor-

complex maps are compiled. Areal factor-complex maps are composed of

surface geometry, vegetation, and surface cemposition factor combinations,



and linear factor-complex maps are composed of hydrologic geometry, vege-

tation, and surface composition factor combinations.

Terrain Factor-Complex Map

Areal

67. An are'al factor-complex map is a composite of the surface geom-

etry, surface composition, and vegetation factor-family maps. Surface

geometry was considered first in the compilation sequence mainly because of
and the

the natural variation/control that it exerts over the remaining two factor

families in the evolution of the terrain. Further, surface geometry fea-

tures appear to exert the major impedances to vehicle passage, with the

other two factor families exerting effects of only secondary importance.

The sequence for consideration of the remaining factor-family maps in the

final compila [on of the factor-complex maps was laigely arbitrary. How-

-ever, it was fund to be more convenient first to combine the surface com-

position map with the surface geometry map, and then superpose the vegeta-

tion map. The methods used are discussed in the following paragraphs.

68. A transparent copy of a surface geometry factor-family map was

used as a base for an areal factor-complex map. Areas outlined on this map

were identified by numbers ranging from 1 to 26, the latter being the num-

ber of variations in surface geometry factor combinations (i.e., surface

geometry factor-family units) mapped in Baumholder. These numbers identi-

fied the four-number arrays representing class values of characteristic

slope, vertical obstacle spacing, terrain approach angle, and step height

(see table 1).

69. The surface composition map was then superposed on the surface
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geometry map, and all lines that did not coincide with the lines on the

surface geometry map were transcribed. Every outlined srea was then identi-

fied by two numbers or number designations, the first of which iepresents a

map unit of surface geometry and the second, a map unit of surface composi-

tion. For example, the designation (10,7) indicates a map unit of 10 for

surface geometry and a map unit of 7 for surface composition.

70., The vegetation map was the last to be superposed on the base

map. All lines on the vegetation map that were not coincident with the

lines on the factor-complex base map were transcribed to the base map, and

the resulting areas were identified by three numbers or number designations

representing map units of surface geometry, surface composition, and vege-

tation, always in that order. For example, in the designation (10,7,22),

10 identifies the surface geometry map unit; 7 identifies the surface com-

position unit; and 22 identifies the vegetation unit. It will be noted

that this process is similar to that used in the compilation of individual

factor-family maps.

71. Areal factor-complex maps were prepared of the three study areas.

The three-number arrays identifying individual factor complexes on these

maps were replaced by single-number designations keyed to the map units of

surface geometry, surface composition, and vegetation, always in that order.

When the above array 10,7,22, is grouped numerically, the number 56 shown

on the areal factor-complex map represents the array 10,7,22. The total

number of different combinations resulting from combinations of these

three factor families was 918 for the three study areas. No final

legend containing these 918 entries, together with their constituent



factor-value cl.sses, was prepared; instead, individual legends ware pre-

pared for each reservation.

72. Plates 1-3 are areal factor-complex maps of Baumholder, Bergen-

Hohne, and Grafenwohr, respectively. The following is the total number of

areal factor complexes mapped in each reservation: Baumholder 248, Bergen-

Hohne 339, and Grafenwohr 331.

Linear

73. The linear factor-complex map is a composite of hydrologic geom-

etry, surface composition, and vegetation factor-family maps. Also shown on

this map are the linear surface geometry features (i.e. quarries, escarp-

ments, and road and embankments) and their associated surface composition

and vegetation values. The linear factor-complex map was prepared in a

manner similar to that used for the areal type.

74. A transparent copy of the hydrologi gecmetry factor-family map

was used as the base for the linear factor-complex ma (fig. 18). This

transparent base was first superposed on the linear surface composition

factor-family map, units occurring in combination with each hydrologic

geometry unit were then determined, and the identifying designation affixed

to the related hydrologic geometry unit. For example, a segment might be

* 'identified by the combination (32,7), where the 32 identifies the hydrologic

geometry map unit, and the 7 identifies the surface composition unit. Where

the surface composition changed within a segment identified on the hydro-

logic geometry map, a tick mark was drawn across the line indicating the

hydrologic geometry feature, and each new srgment was identified by the

proper hydrologic geometry and surface composition map unit.

75. The transparent overlay containing syiLhesized combinations of
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hydrologic geometry and surface compvsition was then superposed on the

vegetation map, the last factor-family map to be synthesized in the devel-

opment of the linear factor-complex maps. Areas defined by the synthesis

of the three factor-family maps were identified by arrays containing com-

binations of three-number designations, each representing a combination of

hydrologic geometry, surface composition, and vegetation factor families,

always in that sequence. For example, given a segment or area identified

by the combination (32,7,22), the 32 is taken from the hydrologic geometry

map, the 7 from the surface composition map, and the 22 from the vegetation

map, fig. 17. Vegetation map units that did not coincide with the segments

identified on the base map in terms of hydrologic geometry and surface com-

position required dividing the segment and identifying each new segment with

the proper hydrologic geometry, surface composition, and vegetation unit.

For surface gec etry features, the above procedures v. re used, only insert-

ing surface georetry xnits for hydrologic geomebicy units, and the areal

surface composition map was used to identify the surface composition unit.

76. The three-number array was replaced by a single number designa-

tion for the final map. When the array described above, 32,7,22, is grouped

numerically, the number 53 appearing on the fao+.r olex represents the

.rray of 32,7,22. No r=.Ler legend was prepared tabulating the 368 linear

factor complexes that were mapped in the three reservations, but each

reservation was treated separately.

77. Plates 4-6 are linear factor-complex maps of Baumholder, Bergen-

Hohne, and Grafenwohr, respectively. The breakdown of linear factor com-

plexes mapped in each reservation are as follows: Baunholder 911, Bergen-

Hohne 163, and Grafenwohr 111.



PART VI: MAP VALIDITY AND RECOMMENDATIONS

Map Validity

78. Construction of factor maps and factor-family maps of the

study areas furnished the terrain data in the form required by the cross-

country speed prediction model for evaluating ,round vehicle perfomance

[ over selected German terrain. Items that influenced the preparation or

validity of these maps are as follows:

a. The accuracy of the factor values obtained by photo

interpretation was greatly enhanced by the excellent

quality and recent age of the air photos.

b. The terrain factor chdracteristics in the increments re-

quired by this study coupled with the photo scale
(1:24,000) made practically Lll direct measurements from

the air photos unreliable or impossible.

c. The field measurements of the terrain factors plus the

observations made during the field work in areas other

than the sampled sites greatly increased the reliability

of the air-photo keys established which in turn was re-

flected on the factor-complex maps.

d. Identifying water depth and soil strength at the moisture

conditions during the time of field sampling restricts these

characteristics to those specific conditions on the factor-

cumplex maps.

e. Mapping the surface composition characteristics in the

stream bed and along the banks resulted in a more
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accurate portrayal of the soil strength of these features

on the factor-complex maps.

Recommendations

79. A procedure for performing the map compilation routine with

automatic data processing (ADP) machines needs to be developed. When

done b'f hand as reported herein, the process is inordinately time-

consuming and therefore expcnsive. Thus, although the production of

factor-complex maps _s technically feasible, the process will probably

remain impractical for broad military intelligence purposes until a

rapid, cheap, and reliable compilation procedure using ADP machines is

develcped.

80. A procedure should be developed ior storing factor maps and

factor-complex maps in ADP-compatible digita form (either as runched

cards or on magnetic tape) in such fashion that the maps can be recon-

structed with a digital plotter at any convenient scale. This capability

would obviate the necessity of keeping map sheets on file, would mate-

rially increase the general flexibility of the system, and would make

it practical to send terrain data to any point by electronic communica-

tion systems. The terminal would, of course, require an automatic digital

plotter in order to con,-'rt the transnitted data to readable form.

81. Any future mapping of terrEin for cross-country mobility
)

analysis should include maps that classify the vegetation characteristics

along a narrow band (100 m) on both sides of hydrologic geoxmetry features.

This will eliminate hving to use the areal vegetation maps for the linear



factor-complex map, which in some cases does not indicate the actual

vegetation characteristics the vehicle senses upon entering or exiting

a hydrologic geometry feature. This would increase the accuracy of the

linear factor-complex map.

82. It is recommended that the present program be expanded as

follows:

,a. Select areas in West Germany outside of military reserva-

tions and map the terrain factors so that a wider

variety of factor complexes can be included.

b. Initiate programs to collect data on a seasonal basis

at selected sites to determine variations of moisture

conditions and soil strength, snow cover, and stream

depth and velocity.

c. Conduct vehicle tests on miji ary reservations to de-

termine the adequacy of the WES system for describ-

ing terrain for ground mobility and to determine

the validity of the WES analytical model for predicting

vehicle .performance.

,A4
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Baumoldler

r __

1.
it t

Photograph 1. Rolling terrain in the central portion of the
reservation looking south. The town of Baumholder in the

background. Located at grid coordinates 797033

Photograph 2. A typical area that has been traversed
repeatedly by tracked and wheeled vehicles. The rut
depths are small because of shallow soil. Located at

grid coordinates 862044



;I

Banolder (Cont'dZ)

Photograph 3. View of northern portion of the dtudy
area looking west. Personnel in foreground collect-
ing soil data. Located at grid coordinates 804046

I

Photograph 1,. Fkposed soil profile. Note thin surface
iat and the presence of rock fragments. Located at

cr.. coordinates ~o42



Ba1uholder (Cont'd)

Phtgah5 As1lsad7fhrwo.,lctda
grdcodnts812

Photograph 5. A smallr stand of earrdwod locate)

characterized by small stumps and the absence of low
branching. Located at grid coordinates 828025



I umoler (Cont d

Photograph 7. A major drainageway, located in the southern
portion of the study prea, flanked by steep slopes. Located

at grid coordinates 869965

Photograph 8. Small drainageway in the central part
of the reservation looking northwest. Man-made water
break~s form small waterfal~ls along the course. L o-

- cated at grid coordinates 8059.7



f iBergen-Hohne

Photograph 9. View of an area of low ridges used as a
firing fan. Located at grid coordinates 5624199

Photograph 10. Ground-roll effect produced by repeated
traffic along a tank trail. Located at grid coordi-

nates 6514155



1 Bergen-Hoe (Cont'd)

1f 7

Photograph 11. A uniform stand of pine. Vegetation of
this type is comon throughout the reservation. Located

at grid coordinates 601458

I

Photograph 12. P*'.anted pines approximately 41 years old.

Located at grid coordinates 5214+78j



I Bergen-Hohne (Cont 'd)

Photograph 13. A natural drainagewayj with occasional
trees along almiost vertical banks. Located at grid

coordinates 5354i91.

Photograph l14. A man-made drainage canal in a moor.
- Note the slope of' the banks and the alignment of~ the

ditch. located atb grid coordinates I499428



Grafenmolr

Photograph 15. A general view of a portion of the
rolling terrain in the western portion of the
reservation looking in a northwest direction.I Located at grid coordinates 926071

Photogrcph 16. Undulating terrain that is void of
any pronounced surface expressions or woody vege-
tation typical of the northwest part of the reserva-

tion. Located at grid coordinates 924127



Grafenvorh (Cont'd)

Photograph 17. Excposed soil profile, typical of the
vegetated areas, consists of a few inches of decayed
prasses and rootlets underlain by fine sand. Located

at grid coordinates 126084

Photograph 318. A marsh enviromernt along a natural
drainagevay. Located at grid coordinates 001.0-6



I,

Grafenwohr (Cont'd)

.1'

I

Photograph 19. A typical stand of pines characterized
by the absence of undergrowth. Located at grid

coordinates 9803,2

I

Photograph 20. An area where al stns have been cut
and the reseeding is being done by nature. Note stups
in the foreground. Located at grid coordinates 051038



GrafCenwobr (Cont td)

:1~

Photograph 21. A small natural &rainagewoy with low,
steep, grass covered banks. Lo~cated at grid coordi -

nae 2-5

Photograph 22. Man-miade lake surrounded by gentle
slopes. Water depth is approximately 4~ ft at the

dam. located at grid coordinates 04134~
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- TR-Z 42
392

SURFACE
SURFACE GEOMETRY COMPOSI- Spacing of

Hap TION S cified D
Unit S O EA IA F _s 1.0 2.5 4.0 5.5

10 1 1i 10/10 2/2 7 1 1 1 15 506 1 1 i/ 1 0/10 2/2 7 2 2 2
3 1 1 1/1 10/10 2/2 7 4 4 4 4
4 1 1 1/1 10/10 2/2 7 7 7 7
5 11 32 10/10 1/1 7 1 1 2 7
6 1 1 3/2 10/10 1/. 7 1 1 7 7
7 1 1 3/2 10/10 1/1 7 1 2e 2 3
8 1 1 3/2 10/10 1/1 7 2 2 2' 2
9 1 1 3/2 0/10 1/1 7 4 1 4 4
10 1 1 3/21 I01 1/1 7 7 77 7
n 13 2/24/4 2/2 7 1 1 1 1
12. 1 3 2/2 4/'4 2/2 7 2 2 2 2
13 1 3 2/2 /,4 2/2 7 4 414 4
14 1 3 2/2 4/4 2/2 7 8 8 8
15. 1 3 2/2 4/4 2/2 7 7 77 7
16 1 3 4/ 10/10 5/5 7 1 1 2 7
17 1 3 4/ 10/10 5/5 7 2 2 2
18 1 3 4/4 1/10Io 5/5 7 4 4 4 4
19 1 3 4/14 10/10 5/5 7 6 6 6 6

5504 20 1 3 4/ 10/105 /5 7 7 7 7 7
21 1 4 1/ /1 1/1 7 2 3 3 4
22 1 4 i/il/1 /1 7 7 7 7
23 2 1 2/2 10/10 1/1 6 1 1 7
24 2 1 2/2 10/10 I/i. 7 1 1 1 2
25 2 1 212 10/10 1/i 7 . 1 2
26 2 1 2/2 10/10 1/1 7 1 2 2 3
27 2 1 2/2 I0/10 '!/i 7 2 2 2

2 2/2 10/10 1/1 7 2 2 2
29 2 1 2/2 10/10 1/1 7 2 2 3
30 2 1 2/2 10/10 1/1 7 2 214 7
31 2 1 2/2 10/10 1/ 7 2 3 3
32, 2 1 2/2 1o/1o 1/1 7 4 4 4 4
33 2 1 2/2 10/10 1/1 7 4 414

34 21 2/210/10 1/1 7 14 14 4Unter- 35 2 1 2/2 10/10 1/1 7 14 14 14
36 2 1 2/2 10/10 1/1in 37 2 1 2/2 10/10 1/1 7 6 6 6

38 21 2/2 10/10 1/1 7 7 7 7

39 2 1 2/2 10/10 3/3- 6 7 7
........... 40 2 1 2/210/10 31/3 7 1 1 1

-1 421 l103 34 7 4 14
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LEGEND

ETATION SURFACE VEGETATION
ms the SURFACE GEOMETRY COMPOSI- Spacing of Stems the
eter, in 4p TION S pecified Diameter in.
.0 18.5 10.0 Visibility Unit SL OS EA IA SH 1.0 2.51 4.0 5.5 7.0 8.5

2 2 3 .7 74232/2/4 2/2 7 2 313 44 57 7 5 7,7 I.7
3 5 7 7 75 23 2/2/4 2/2 7 2 .3 4 4 5 7776 2-2/2/4 2/2 7 3 3 3 33 4
7 7 7 7 77232/24/42/2 7 4 44 44 4
1 7 7 4 78 232/24/4 2/2 7 4 4 4 4 4
7 7 7 7 79 2 -3 2/2 4/4 2/2 7 4 4. 4 I 4 5

3 7 7 780 23 2/2 4/42/2 74 4 4 44;7
73 2/27 5 5 5 5

82' 2 32/2 4/4 V/2 7 .6 66 66 6
7 7 7 7 83 23 2/2 4/4 2/2 7 6 66 66 6
2 3 7 84.232/24/4 2/2 7 7 7 7 7 7

7853 1 2/210/10 1/1 7. 1 11 12 2
74 7 5 7 86312/210/101/1 7 1 1 1 26 7737 12/210/101/1 7 1 1 1 4

788 3 1 2/2 10/10 1/1 7 1 1 1 7 7 7
777 7 89312/210/101/1 7 1 1 2 7 77

3 4 7 7 903 12/210/101/1 7 1 22 3 5 7
4 6 6 7 91312/210/101/1 7 2. 22 22 3
7 7 7 92 3 12/210/101/1 7 2 2 2 2 3 5
75 5 7 93 3 1 2/2 10/10 1/1 7 2 2 3 47 794312/210/101/1 7 2 3 3 44 5'7 7 7 3 .7
7 7. 7 .7 95 31 2/210/10 1/1 7 2 3 4 4 5 7

7 7 7 1296 3 1 2/210/101/1 7 3 3 3 3 3 4
7. 97 312/210/101/1 7 4 44 4 4 4

7 7 T 98312/210/101/1 7 4 44 4 4
5 7 99312/210/101/1 7 4 44 4 4 5'

3 7 2/210/101/1 7 4 44 44 7
7 7 7 101312/210/101/1 7 5 5 5 55 5
7 7 7 102j3 12/210/101/1 7 6 66 6 6 6

45 7 103'3 12/210/101/1 7 7 7 7 77 7
4 4 7 104'8 22/25/5 1/1 2 7 7 7 77 7

4 4 5. 7 105 2 2/2 5/5 1/1 4 7 7 7 7 7 7

5 7 1063 22/25/5 i/1 5 7 7 7 7 7

4 5 7 107 '32 2/2 5/5 1/1 7 1 1 1 4 5 5
7 7 3 22/25/5 1/1 7 1 22 3 5 7

5 5 7 1093 2 2/25/5 1/1 7 2 2 3 47 7
6 6 7 110 3 2 2/25/5 i/1 7 2 3 3 44 5

7 7 7 5/5 1/1 7 2 3 4 4 5 7
7 7 7 7 112 3.2225/5 i/f 7 4 41 4 4 7
2 23 7 1 1 / I /



SURFACE VEGETATION
SURFACE GEOMETRY COMPOSI- Spacing of Stems ) the

_p TION Specified Diameterjn.

Visibility Lt OS EA. IA _ 1.0 2.5 4.0 5.5 7.0 8.5 10.0 Visibil

714,1 412/20/102/2 7 2 24 45 7 7 7

7 11e4 412/10/102/2 7 3 33 334 5 7
7 4 12/10/102/2 7 4 44 444 4 7
7 15" 412/210/102/2 7 4 44 444 5 7
7 4 1 2/210/10 2/2 7 4 44 44 5 5 7
7 152 4 1 2/2 10/1.0 2/2 7 4 4 4. 4 4 7 7 7
7 15 412/210102/2 7 5 5r5 55 5 5 7

7. 15i12/2 10/10 2/2 7 66 66 *6 6 6 7
7155 412/210/102/27 6 66 666 7 7
7 156 4 1 2/2 10/10 2/2 7 7 7 7 7 7 7 7 7
7 157 43225/5 1/1 6 7 77 7'7 7 7 7
7 15•432/255 1/1 7 1 11 25 7 7 2
2 159 432/25/5 1/1 7 1 11 4 5 5 7
7 166 43225/5 1/1 7 1 12 777 7 4
1 161 432/25/5 1/1 7 1 1 7 7 7 7 7
4 162 432/25/5 1/1 7 1 22 35 7 7 7
77 72 2 2716 4 3 2/2 5/5 1/ 7 22 2 3 5 7
7 164 432/25/5 1/1 7 2 2 7 27 7

7 165 4 32/2 5/5 / 3 47 7 3 45 7.7 7
7. 1 4 3 2/2 5/5 1/1 7 3 3 3 4 4 7
716 432/25/5 1/1 7 2 3 5 7
7 7 47
7 170 432/25/5 / 7 3 4 4 5 5 7
7 9 3 2/2 5/5 1/1 7
7 172 32/25/5 1/1 7 5 5 55 5 5 57

7 173 4 3 2/25/5 1/1 7 6 6 6 6 6 6 6 7
7 174 4 3,2/2 5/5 1/1 7. 6 6 6 6 66 7 7
7 175 43 2/25/5 1/1 7 7 77 777 7 7
7 116 441/310/77/6 2 7 77 777 7 7
7 77 4 1/310/77/6 1 1 11 7 77 7 1.
7 178 4 1/310/77A67 1 1 2 7 7 7 . 4
7 179.441/310/77/6 7 2.22 23 5 7 7
7 8o 4 41/310/77/6 7 2 34 45 7 7 7
7 181.4 4 1/310/77 7 5 55 55 5 5 7
7 1 4 b 7/6 7 7 7 7 77 7 7 7
7 84 4 7 1 11 17

184 4 23 VP 4/77 2 2 3 47 7 7 7
7 8 3/ 7 7 77 77 7 7 7
17 186 5 17 1 1 2 2 3 7
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..Now. 4010 3

1#1 2- 1 12/210/101 3/3 7 4 1 1- 1 4 2
2 a 1 12/ 1 I0I F4"* 1 1

2I /0./ 1, 3/3 6 6 64
13 2 1010 2- 22 22

,13/3 16110 5/.44 2 1 3/3 10/10 5/6 7 14 14 4~ 4 4 5
.45 2 13/31/10 5 7 5 5 5 5 5 5
4-6 P-1 3/31/10 5/6 7 7 7.7 7 7 7

.f7 2 1. 5310/1488 7 5 5j 5 5 5 5
4- 2 1 5/3 1/ 8/8 7 7 77 777
49 2 1 7A10/1013/1 6 2 3 4 45 7
50 2 1 7/j4 1/10 /1 6 7 77 77 7

:51 2 1 7/4 10/10 1/1 7 1 2. 2 3 5 7
52 21 7/4 10/10 1/1 7 2 22 22 3
53 2 1  7/' 10/10 1/1 7 2 22 23 5
54 2. 17/410o/101/1.7 2 31". 45 7
55 2 1 7 . 10/10 1/1 7 6 6 6 6 6 6

56 2- 1 7/A 10/10 1/. 7 7 7 7 7 7 7
57 2 2 3/3 6/6 8/8 7 6 6 6 6 6 6
58 2 58 2 3/3 6/ 8 7 6 6 6 66
592 23/3668/ 7 7 7 7 7 7 7
60 2 3 2/2 4/4 2/2 2 6 6 6. 6 6 6
61 2 3 2/2,4/4 2/2 2 7 7 7 7 7
62 2 3 2/2 4/4 2/2 5 6 6- 6 6 6 6
.63 2 3 2/24/4 2/2 5 7 7 7 7 7
64 2 3 2/2 4/4 2/2 6 2 2 3 1 7 7
65 2 3 2/2 4 2Z/2 6 2 314 4 5 7
66 2 32/2 4/4 2/2 6 14 414 414 5
67 23 2/2 4/4 2/2 6 7 7 7 7 7 7
68 2 3 2/24/4 2/2 7. 1 1"l1 2 6 7
69 2 3 2/2,4/4 2/2 7 1 1 7 7 7 7
70 2 3 2 /2 4/4 2/2 7 1 2 2 3 5 7
71 2 3 2/24/4 2/2 7 2 2 2 22 3
72 3 2/2 4/4 2/2 7 2 2 2 2 3 5
S732 3 2/24/4 2/2 7 2 24 7 7

5498 SURFACE VEGETATI
SURFACE GEOMETRY COMPOSI- Spacing of Stems >

map TION Specified Diameter,
Unit -SL OS U IA SH 1.0 2.5 4.0 5.5 7.0 18

221 6 12/2 10/10 3/3 7 1 2 2 3 5
222 6 .1 12/210/10 3/3 7 2 2 2 2 2
223 6 1 2210/10 3/3 7 2 2 3 4 7

-224~ 6 -1 2/2 10/10 3/3 7 2 3 3 14 4
225 6 12/2 10/10 3/3 7 3 3 3 3 3
226 6 12/2 10/10 3/3 7 14 4.4 4 4
227 6 12/210/10 3/3 7 14 V414. 414
228 6 1 2/2 10/10 3/3 7 14 4 14 14 4
229 6 12/2 10/10 3/3 7 5 5 5 5. 5

4230 6 12/2 10/10 3/3 7 7 7 7 7 7
-231 6 2 3/3 8/8 3/3 7.1 1 1 2 6

232- 6 23/3 8/83/3 7 1 1 1 7 7
233 6 23/3 8/8 3/3 7 1 1 2 7 7
234 6 23/38/8 3/3 7 2 2 2 2 2

5496 235- 6 23/38/8 3/3 7 2 2 2 2 3
236 6 2 3/3 8/8 3/31 7 2 2 3 4. 7
237 6 2 3/3 8/8 3/'3 7 14 4 4 4 4
238 6 23/3 8/8 7/ 55 55
239 6 2 3/38/8 7 7 7 7 7
2 ~ 4o 6 4 9/910o/10 8 7 1 1 2 7 7

.L.IM10/10 881 7 ..-7L1 7 17 17 7~



• ,~74 4 5 7 7
3 . 4 1 14147 7 7

7 n13 3 /2515 1 7 6 66 6 6 6 Tl
7 3141 3 122/25/5 1/ 7 7 77 7 7 7 7

7 f5 3 14 2/3 3/4 /1 6 2 3 4 14 5 7 .7
7 6 3 42/33/4, 1/1 6 7 7 7 7 7 7 7 7
7 W 3142/33/4 1/1 7 1 112 3 7,
7 M 3 4 3 1 3/ 1/1 7 1 1 26 7 7 2
7 :49 3142/33/41/1 7 1 11 4 5 5 5 7
7 20 3 4 2/3 3/4 1/1 7 1 1 2 7 7 7 7 7

7 121 3 4233/4 1/3 7 1 17 7 7 7 7.
7 122 3 42/33/41/1 7 1 22 3 5 7 7 7
7 12 3 42/33/41/1 7 2 22 2 2 3 5 7
7 19 3 4 2/ 3 4 1/ 7 2 2 22 5 7 7

125 3 2/3 3/41/ 7 2 23 4 7 7 7
7 12631 42/3 /4 1/1 7 2 3-4. 4 5 7 7 7

7 I13 3 4 2/33/ 1/1 7 6 6 6 6 .66

2 2 3~ 14 2/2 / 10/1 / 7 1 4 2 7 7 7 7 74

7 132 3 4 12/3 1/1/2 7 1 72 35 7 7 7
7. 130 3 4 2/3 3/ 1/ 7 4 4 4 4 .47 77

7 131 1 1 2/2 1/1 7 2 5 2 2 3 5 7
7 332 -' 4 /33A 1 7 6 6 6 6 6 . 6. 7
7 ' 133 3 4 2/, / / 7 6 6 6 . 7 7
7 134 3 4 2/ /, / 7 7 7 7 7 7 77

7 135l4 4 1 2/2 10/10 2/2 72 22 22 3 5 7

7 4 7 7'

7 13 4 1 2/2 10/102/2 7 2 2 3 7 7 7 7
7 138 4 1 2/ 01 / 7 1 1 1 2 6 77

7 139 6 4 12/2 10/10 2/2 7 1 33 1414 5 5 77 142, 4 1 2/" 01 / 7 1 2 3 5 7 7 7

7 lb . 4 1 / 01 / 7 2 3 4 4 5 5

IEaeh map unit represents an array of subols [i.e. 1,1, (1/1 10/10),2/21 indicat.
apping classes of slope SL (see diagram below) obstacle spacing OS, approach an.

.0IA and IA. and step height SH. Fractional designations indicate that dual classi
"I0_ Visibility 4were mapped. The numerator of the fraction iddicates class range that will be er

. 7 iomtered while trversing an area in an easterly direction (i.e. azimuth from'O
7 80 deg) and the denunirator refers to a westerly direction (i.e. azimuth from -.7 to 360 deg ) assuming that the vehicle intersects the obstacle at a right angle.

7 *ping class ranges of each surface geometry factor are:

7.Slope (SL) Spacing (CS) Aproach Angle (EA-IA) Step Height (SHW'

7 p map ft _ _ _ _ _ _ _ _7 Class Class Class dg Class In

7 1 0-1.5 1 0-50 1 0-1.5 1 '8
.2 2 '1.5-4. 2 >50-150 2 ),1.5-4.5 2 8-10

1 3 )4.5-10 3 ,150-22r 3 >4.5-10 3 )1i0-1
14 4 1-17 4 >225 4 1 0-17 4 P 12-11
7 5 '17-22 5 -,17-22 5 %14-10

6 22-27 6 ' 22-27 6 > i6-2(

7 7 -o27-31 7 ,27-31 7 -3(
7 8 '31 8 '31-36 8 •%30

' 9 )36-457 30 > 45



2218 2/ 7, i' 7 7 72/ 10/15 1/2 37 7

38 12/'1/1 2/ *1 114 5.1 I 5/
9 5 2210/1022 7111 7 7 7

* 9051/20/022 7. 1 17 /777 i77
'7 "~ r M~o . -in 1o/1 fF

*: - 191V5122112/2 .o7 1 e 2135 17/ 7. 7
,, -92 12/2 02/22 13/ 7.135 12/2 1/10 2/2 7 12 22 234 5 7 .7

o9- 5 1 2/2 1/o 2/ 7 2 2 3 1 1 7 7 7 7
S195 12/2 10/102/ 7 2 32/3R• 4 5 5 7

.96 512/20/02 7 2 1i 1 7 7 7
72 '511 7Z2 10/.0 3 33 3 5 7 7 7

19. 5 1 2/2 10/10 2/2 7 2 2 2 2 2 3 / 5 77199 51 210/10 2/2 7 14 4-.145 57

9. 22 10/10 21 l 7 5 5. 5 5 5 5 5 / 7
7 21 51 /2 1Z/10 2/2 7 6 6 6 64 65 5 7202 19 5 12/10/10 2/2 7 7.77- 4777 7. 7

3 532255 2/3 7 1 11 1.2 3 ./7
21 Z2 3 2/2 7 1 4 4 5 5 72 1 5 3 2/25/ 3/3 7 1 4 774/ 5 75r7  .200 '5312/251/0 3/3 7 1 12 77 7 -

7 .207 5312/25/ 301 /3 7 2 222 5 7 7
7202 5312/25/ 30, /3 7-7 2 23 1777 7 7

. 20 3 2/2 5/5 3/3 7 3 3i/. 2 3 7

21052/2 5/5 3/3
211 3 2/25/53 7 5 5 5 5 5 7

215 -52 53 2/2 5/ 53/3 7 6 66 6 7 7
213 5 3.2/2 5/5 3/3 7 1 12 7 7 7 7 7 7

7 21512 5/5 / 7 2 22 2 3 5 7
78 1 3 22 5// 7 2 2 235 7 77 215 54 7 7/ 1 3/ 7 7 7 77 7 77.l

7 218 5 1 2/2 5/ 3/3 7 5 1 1 2 2 3 7
2' .'212 5 3 { i0/10 61 1 1 65 6 6.6 67 2/2 517 , ?7l/O 77 !7/ ? ?

7 219 6 1 2/2 10/0 3 .. 7 1 1 2 /6 7 7 7 2
220 5 1 12/2 lO/lO1 7 33:. 1 2 2L /3 5 7 .7 7

Rating ' Mapping class ranges for each Surface Comosition unit are:

ses 21 57 6-12 in 7ap 0-6in p 6-12 i

n- 'o Class RCI Class CI ,Class .... CI
S20 0IS 0-60 1 0315
1 2 10-0 2 20-40 15-30

:e ,, - .3 >20-35. 3S . 40-75 .3, >30,-4524 35-50 46 175-125 .12 /45-60

' 5 >5)-75 55 ,125-175 . 51L '60-80(S) 6 75-125 n M 175-20 6 680

jizo
:12/
:-14/
+-161

e-ppirg class ranges for eaci spacing class and viibility class are:

S ,23te S , P- i 4

0a 5-04S7-2 p),56
4 .1,60 -8
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62 2 3.2/2 4/4 i/2 5 * 66
-.63 2 2/2 4/4 2/2 5 7 7

64 2 3 2/2 4/4 2/2 6 2 2
65 2 2/2 4/4 2/2 2
66 23 2/2 4/4 2/2 6 4 4
67 23 2/2 4/4 2/2 6 7 7
.6 2 3 2/2 4/4 2/2 7 1 1
69 2 3 2/2 4/4 2/2 7 1 1
70 23 2/2 /4P 2/2 7 1 2
71 2 3 2/2 4/4 2/2 7 .2 2
72 2 3 2/2 4/4 2/2 7 . 2 2
73 23 2/2 4/4 2/2 7 2 2

5498 SURFACE
SURFACE GEOMETRY COMPOSI-

Map TION
Unit SL OS EA IA SH __ 1 1.0 2.

221 6 1 2/2 10/10 3/3 7 1
222 6 1 /2 10/10 3/3 7 2
223 6 1 2/2 10/10 3/3 7 2
2;24"' 6 1 2/ /o /3 7 2
225 6 1 2/2 10/10 3t3 7 3
226 6 1 2/2 10/10 /3 7 4
227, 6 1 2/2 10/10 3/3 7 4
22 6 1 2/2 10/10 3/3 7 4
229 6 12/21/10 3/3 7 5
230 6 1 2/2 10/10 3/3 7 7
231 6 2 3/3 8/8 3/3 7 1
232 62 3/30/8 3/3 7 1
233 6 2 3/38/8 3/3 7' 1
234 6 2 3/3 8/8 3/3 7 2

4296 235 6 2 3/3 /8 3/3 7 2
236%,6 2 3/3 8/8 3/3 7 2
237 6 2 3/38/8 3/3 7 4
238 6 23/3 /8 3/3 7 55
239 6 2 3/38/8 3/3 7 7
24o 6 49/9 10/108 7 1
241 6 4 9/9 1/108/ 7 7
242 7 3 2/26/6 7/7 7 1
243 7 3 2/26 7/7 7 2
244 7 3 2/26 7/7 7 2
24 7 3 2/266 7/7 7 4
246 7 322 66 7/7 7 4
247 7 3 2/2 6/6 7/7 7 5

-248 7 3 2 26 6 7/ 7

15494
392



• . 5 PIi1/. JI2•7 3 V 5/ 3/3 7 2.22.235 7 7
28 5 32/2 5/5 313 7 2 23 3 7 7 - 7 7
209 5 3 /2. 55 3/3 7 3 3 3.. 3 5 .7
210 ,5 3 2/2 5/5 / 4 4 4 4 4 5. 57

rK2n]-J5 3 2/2 5/5 3/3 7 5 5 5 5 55 5 7
212"5 3 2/?25/5 3/3 7 6 6 6 66 66 7
2132 5/- 3 55 3/3 7 7 7 7 7 7 7 7 7
21.4 /7 100 8/8 7 1 2- 2 3 5 7 7 7
215 547/71/1608/8 7 2 2 2 2 23 5 7
216 47/7 1/10 8/8 7 2 2 2 2 35 7 .7
j217 477 1/10 818 7 7 77 7 77 7 7
2186 1 2/2 10/10 3/3 7 1 1 1 1 2 2 3 7
219 1 /10/1313 . 7 11 2 6 7 7 2
220 . 16 1. 2/2110/10 3.4. J. 7a : L .h 1 5 -i... ... i.7

"I. .. apping class ranges for each Surface Composition unit are:

m ap 612 in 0-6 in6125

5 >D75 126 175250 11 '80

V >7-32 6S )-7525 6H5~ ,90

Maping class ranges for each spacing class and vitibility class 
are:

map ALP f
Class _1as f11 77 15

i" ' • 1 :'0-8 i•1
8-12 2 15-21

3 112-15 3 21-27
4 11520 4 327-33
5 v25-25 5 - 33-39
5 ,25-30 6 - 39-45

7 - 1-. . '3745

TERRAIN FACTOR COMPLEX MAP

WEST GERMANY

AREAL FACTOR COMPLEXES
BAUMHOLDER
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Z550 552 554
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f 4w
fj map

--f Unit SL
* . -. *y'I* .,fr-

3 3
.~* .*i. if4

5I

- ~ 8
-~~ 9

10 1

fr13 1.

5864. ~ *15- 158 4-' 16 1.

1.9 1.
20 1

1,122 1

* ,~25 3.

209 I

, 31 1

5862 71- 3

37 1
~ -38 1.

39 3.

14o 1
41 1

48
"493
14

5860 1'
11



LEG E

SURFACE VEGETATION "

E GEOMETRY COMPOSI- Spacing of Stems > the SURFACE GEOMETRY

_ TION Specified Diameter, in. [IApT
EA IA s 1.01 2.5 4.0 5.5 7.0 8.5 10.0 Visibility jt sL A S
1Al 1o/10 i 4 4 6 7 4n8 1 1 3 /5
.o/o 44 3 3 7 /5lo/lo 11 41 ii/

-1/1 10/10 1/1 14 4 4 4 4 4 4 41 7 20 13/37/5:
61 66 66 7 7 ~ 25 133/

ll lo/lo 477 7 42 m'1.3
1/1 10/10 1/1 6M 1 1 1 2 3 5 7 7 1 3 /3 8/q

1/10 1/ 6m 1 2' 2 4 6 7 .2 /
1/1 10/10 1/1 6M 1 2 2-' 24 5 7 7 3/ 10/10
3.Z 1o/1o 1/1 61 1 2 7 7 3 3/3 10/10
1/i 10/10 1/1 6M 2 2 2 2 3 5 7 7 231 1 1 3/5 /i0
i/i 10/10 1/1 6M4 2 3 3 4. 4 4 4 .2 2 1 1 3/5 10/10
.1/1 10/10 1/1' 614 3 3 3 3 3 3 11 7 e33. 1 1 3/5 10/10
1/ 10/'10 1/. '6M44 4 11 14 11 4 1 47 311 3/510/10

l'1/1 10/10 1/1 614 4 4 4 4 4 11 "5...4 235 1 1 3/5 10/10
1/110/101/1 6M 6 66 666 7 7 23 1 3/510/10

io/io 1/1 6M 7 77 77 7 7 7 3/5 10/10
A 1.0/10 1/1 7 1 1 1 2 .3 5 7 7 3 4/2 10/10

1./1i/o/ 1 1 2 211 6 72 :239 1 4/2 10/10
o1/110/101/1 7 1 22 23.7 .7 7 '1o 1110/9 10/10

io/110/101/1 7 7 7 7 7 7 3 Ao 1 1110/910/10
'1/110/101/1 7 1 77 77. 7 7 2 11 /910/10

.'i/i 10/10 1/1 7 2 2 2 2 2 5 7 7 :11.2 1 1 10/9 10/10
1110 2 22 2 3 5 7 7 "93 1 110/910/10

A1/1 10/101/1 7 2 2 2 3 3 5 7 7 Ali1.41.12/2 10/10
Si/i 10/10 1/1 7 2 33 34 4 5 ks~ 4 2/2 10/103o~ 3 33 5 1 "1' 10I,

7/2 1 33 44 1 3 6 211/110/10
o/ 10/10.1/1 7 3 3 3 3 3 3 4 7 7 1 i/1

11 10/10 1/1 7 3 33 3 3 3 6 7 '28 2 1 1/110/10
1/1o/1o1/1 7 3 3 3 4'1 7 7 7 29 2 1/110/10

,1/1 10/10 /1. 7 4 4 4 4 4 4 4 7 ,250 2 1 1/1 10/10
.1/i 10/10 1/i 47 4 '4 4 4 4 5 : 5 2 11/1 10/10

/ o 7 6 66 66 6 7. 7 252 211/110/10
/1 10/10 i/i 7 7 7 7 7 7 7 7 7 53 2 1I/

/0 7S 1 11 2 3 5 7 7 254 ? 11/110/10
7S 2 2'2 2 3 4 5 7 1 25 11/1

10/10 1/1 7S 2 3 3 4 4 -4 4 2 256- 1/i 10/10
10/101/1 7S 3 33 3 3 3 4 7 257 11/1 10/

i0/i0 /1 7S 3 33 3 3 4 6 7 258 i/1 10/IC
71/11o/1o/1- 7S 7 77 7 7 7 7 7 1/1 10/1C
:1/110/101/1 7S 4 44 44 4 5 4 26o 1 3/37/5

O1/11o/12/2 3S 3 33 3 3 3 4 7 _21-- 3/
1/110/10 2/2 3S 7 77 77 7 7 7 262 213/37/5
1/1 10/10 2/2 4M 1- 1 1 2 4 7 7 7 263 2 1 3/3 7/5
1/1 10/10 2/2 4m 1 2 7 7 7 7 7 3 21 21 3/3 7/5
1/110o/102/2 4M 2 2 2 2 3 4 5 7. 1b5  2 1 '3/3 7/5
1/110/102/2 4M 3 33 33 4 6 7 'b66 2 3/37/5
1/110/10 2/2 4M 3 3 3 44 4 4 7 67 2 1 3/37/5
1/110/102/2 4 M 4 4 4 4 7 268 2 1 3/37/5
1/110/102/2 4M 4 44 4I4 5 26 2 1 3/3 7/5
1/110.102/2 4m 6 6 6 6 6 6 7 7 270 2 1 3/37/5
1/1 10/10 2/2 AM 7 7. 7 7 7 7 7 7 -"P71 213/3 7/5
1/1 10/10 2/2 6M 1 1 1 23 5 7 7 272 2 1 3/37/5

3.010o /2 6M 1 1 ?2 2 ' 4 6 73 2 3/3 7/5
. 1/. 10/10 2/2 . 6M 24 L 2. --7, 1 3/35 7



SURFACE 
VEGETATION

Spcn fSes>the 
.

SURFACE GEOMETRY COMPOSI- Sini.ofStm.TION V_._S cifed Diamete

1.0 2.5 4.0 5.5 7.0 8.5 10.0 Viiit
SL OS EA IA SH

S75 
7 7 7 7 7 7

3 7/5 1/1 77 7 7 77 7 7 7

313 7/5 1/1 7 7777

1 3 3 18 2/2 M if 7fifif if 5

/7 7 7 7 7 7 7 7

3 3118 2/2 7 7 7 7 7

• 3/320/1 ( 7M 7 7 7 7 77

1 /3O/07/ 6M 77 7777 7.-.:
308/8 

7 77 7

.113/10/106/7 38 7 7 7 7 7 7

1 1 o3/10/107/7 5M 7 77 7 7 7 7

L 13/I0/10/P 5M 7 77 77 7 7 7

1O6 76 7 7 77

1 3/5 10/1 6/7 78 1 27 7 73 7 7

o/106/7 78 7 7 7 77 7 

1/101 L / 6M 7 7 77 7 7 7

3.11/51/0/ 7 i ff~~f~f.

311 0/9 0/1 8/ 7 if 7 714. ff if if

1 6O/7 7 7 7 7 7 7 7 7

311 0 10/10 7 S 1 7 2 5 7 7

3/ loio 6 7 S 7-:.

2 o17 
77 7 7 7

3/5 10/108 / 77 
7 7

/ 7 7 7 7 7 7 7 7

21/1 0/0/ 6M 1 11 23 5 7'7

21 / 0/1 2 6M 1 1 2 6 6 7 7

1/10/102/2 6M 1 2 7 7 7 7

2/0/02/2 6M 7 7 7 7 7

01 / 010 /6 7 1 1 2 5 7 7

216 1// 7 1 7 77 77 37

/10/1028/2 7S 2 22 23 5 7 7 y

1 0/17 27 i 5 3

2./110/1028/27 7 3 33 33 3 7 7

11 012/2 7 3 33 7 i f7 7

4 2/2 o/lo88 7 7 7 7 7 .:

2 /10 / 7 3 7 7

21 1/1 10/10 2/2 7M 1f 1i 2 if 6 7 2

O1 1/. 10/10 72/2 7M 
77

2 1/ 7 1 /130 7 7 7 7 7 7

1 7/0 2/2 6M 7 77 77 7 7 7

321/3/5 /1 7 1~ 1 1 2 3 5 77

2/37/ 2/2 7 1 27 7 7 7 7 3721/3/50 2/ 7 2 2 2 223 5 7 7

13/5 2/2 7 2 2 2 44 5 3

13/5 2/ 7 2 33 3i i 5 7

ll 7 3 33 3-3 4 6 7

2 1 3/ 7 7

7, 77

21 /3 /50 /2 7 3 ~3 3 if 6 7101 2/2 7 4 4, 47

2 13/3 7/5 1/1 7 7 7 7 if
1/1 6M 7171 7 7 7
1/1 7_ 2 2 2 77

2_______ 1__ 3/3_7/5 3
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- ~52 1
/6 5860 5311

'54
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59
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A 62 11

*:~~ *63 1 1
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./ 6M.v7

1/ 0/10 2/2 6 .1 61 .1 2 6 7 2 273 2 1 3/3Y-1
S/101 /264 1 2 7 7-7 7 7 3 ?714 2 13/37/5

O 1/1 1 /102/2 6M 1 2 2 1 3Z 37 5

l/ 10/10 2/2 2 2 2 2 2 5 7 7 276 2 1 3/3 '7/5

1/1. 1102/2 6M 
3/37 15

/110102/26M 2 2,2 23 5 .7 7 2 1

• 10/30 6M 2 22 336 7 7 9 21 3/37r

1/1 .0/102/2 6M 2 3. 3 3 4 4 5 7280 213/310

~1/1 10/10 2/2 64 2 3 3 414 4f 4 2 281 2 13/3 10)

1/11 0/10 2/2 6M 2 33 4 4 4 332 13/3 10,
f1/1 10/10 2/2 6m 3 3 3,144 7 7 7 E4 2 13/ 10)

'1/1o1/10o2/2 6m14 4 14 4 1444 5 4851 2 31/1Z10,
1/1 10/10 2/2 6m 6 6 6 6 6 6" 7 7 2 1 3
1/ i0/102/2 6M 7 7 7 7 7 7 7 7 286 21 3/3 10,

1/1 10/102/2 7 1 1. 3 2 3 5 7 87 213/310
l/ 10/10 /22 7 1 1. 2 4 7 7 7

1/1 10/10 2/2 7 1 1 2 214 6 7 2 89 213/310,

1/110/10 2/2 7 1 2 7 7 7 7 73 290 213/310,
i o/1 2/2 7 1 7 7 7 7 7 7 2.10,
1/ i10/10 2/2 f

1l/1 10/10 2/2 7 2 2 2 2 2 3 3 7 192 P 13/3 10,

S1/110/10 2/2 7 2 2 2 2 2 5 7 7- 3 213/3 IC

1/1 10/10 / 7 2 2 2 2 3 4f 5 7 14 2 13/310

1/110/10 2/2 7 2 2 2 2 3 5 7 7 95 213/31l

1/11 0/1 o2/2 7 2 2 2 3 3 6 7 7 296 2 13/31C

1/1 0/10 2/2 7 2 3 3 4 4, 4 4 2 297 2 13/3 1

1,1 10/10 2/2 7 2 3 3 4 4 4 5 3 298 21 3/31U

1/1 O/10 2/2 7 3 3 3 3 3 3 4 7 299 2 1.3/3c
117 3 23/ 33 4 6 7 1300. 21 3/31V

.,': I01o 2/: 7 3 3f 3 . b, 57

.1/1 10/10 2/2 7 3 3 3 4 4 4 5 7 3 1 3/3

1/1 10/10 2/2 7 33 144 7 7 '* 7 .302 2 16/71V

/1 10/10 2/2 7 4 4 4 4 4 4 4 7 303 216/71V

1/1 10/12/2 7 6 66 6 6 6 7 7 3042 16/7 V

1/1 10/10 /2 7 7 7 7 7 7 7 7 7 305 216/71(

1/1 io/10 2/2 7S 1 12 2 14 6 7 2 306 21 6/71

1/1 10/10 2/2 7S 1 2 7 7 7 7 7 3 307 2 7
1/1 10/102/2 7S 2 2 2 2 2 3 3 7 306 2 2

.1/1 10/102/2 7S 2 3 3 3 4 4 5 7 309 222/27

1/110/10 2/2 7S 2 3 3 4.4 14 4 2 310 222/27

1/1 10/102/2 7S 3 3 3 3 3 3 4 7 31122 2/27

1/1 0/102/2 7S 3 3 3 3 3 4 6 7 312 2 2/27

1/1 0/102/2 7S 7 7 7 7 7 7 7 7 333 22 3/84

1/1 10/103/3 4M 2 22 23 4 5 7 3114 22 3/811

1/1 1o/103/3 4M 3 33 3 3 14 6 7...-.315 2141/43

1/110/10 3/3 4m 4 414 4 4 4 7 316 2141/143

1/1 10/10 3/3 4m 4 414 4 4 4 5 14 3172141/41

1/1 10/10 3/31 4M 7 77 7 7 7 7 7 318 2141/4

1/1 10/10 3/3 6M 3 33 3 3 4. 6 7 319 3 1/1

i/1 10/10 3/3 6M 14 4 4 4 4 4 4 7 320 3 1 1/1

11 1i0/10 3/3 6m 6 66 6 6 6 7 7 321311/1:

i/10/10 3/3 6M 7 77 7 7 7 7 7 322.3 11/1

1/ 10/10 3/ 7 1 27 7 7 7 7 3 323 31 1/1

1/11 0/10 3/3 7 3 33 37 325 311/1

1/1 10/10 3/3 7 4 414 1 4 4 4 7 32

1/1 .0/10 3/3 7 4 414 4 4 4 5 4 326 3 11/1

1/ i0li 3/ 7 6 66 6 6 6 7 7 327 3 11/1

1/1 10/10 3/3 7 7 77 77 7 7 7 328 3 13/3
I Il 3 s 22 2 2 2 3 1 3/8

1i/1 10/10 3/3 7S 2 222 2 3 7 329 31/
7 1 7 7 7 7 7 3 13/3

1i/1 0/10 3/3 7S 7 77 7 1 3/2/26/5 1/ W 6 6 6 6 6 7 7 133 3 3/

2 6/5 1/ 7 7 77 77 7 7 7 832 3 1 3

"2/29 i11 7 2 3 4 4 4 4 2 1 13/3
334_ _ 3 1 3/



21 /3 / 1/ .• 777 ,.'.-7 7 7+7
27 21 3/ -7/5 1/1 7 4f 4 4 ~ l 42 7S 3/ ' 5

+"  ++

V /5 1/1 7S 2 33 3 4 f4. 7

~276 213/37 /5 1/1 7S 2 3 fI f 5

277 2 1 3/3 7/5 1/1 7S 3- 3 3. 3 3 4f 6 *7
2 1 3/3 7S 4 4 4 4 4 5

279 213/37/5 1/1 7S 7 77 77 77 7
280 213/310/10 2/2 4M 2 22 22 3 3 .7

81 213/310/102/2 4 7 7777 7 7 7

282 213/310/102/2 6M 7 77 77 7 7 7

'283 2 13/3 10/102/2 -7 1 1 1 2 3.5 7 7.

284 2 1 3/"10/102/2 7 1 22 23 7 7 7

285 2 1 3/3 10/10 2/2 7 1 2 2 2 4f 5 7 7
286 21 3/310/102/2 7 1 2 7 7 7 7 7 3

287 21 3/310/J.02/2 7 1 37 77 7 7 2

I'M8 2 13/3 10/10 2/2 -7 2 2 2 2 2 5 7 7

~289 2 13/3 10/10 2/2 7 2 2 2 2 3 4f 5 7

290 213/3 10/102/2 7 2 22 2-3 5 7 7

291 2 3/3.10/10 2/2 7 3 6 7.

]].292 2 13/310/102/2 7 2 313 4 4 4 2

/3 I2/2 7 2 3 3 4 4 if 5 3

10/102/2 7 3 33 33 3 4f 7

242 13/31012/27 6 66 66 7 721 3/3 10/10 7 .7
29 2 13/3 10/10 2/2 7 2 2

L302 3310/10 2/2 7S 7 77 77 7 7 7301 213/3-1 7 77 7 7 7
32 271/10/10/2 6 7 7 7

299 20 216 /10/101/2 7S 1 21 23 2 7 7

352 16/710/1012/1 7S 7 7 7 7 7 7 7 7

, 30 7 3 7+ .,+

306 216/10/101/2 7 1 7 77 7 7 3

307 216/710/10 /1 7S 7 77 77 7 7 7

3 22/7 /3 14 7 7 7 7 7 7
'30 2/7/ 3/3 7 3 33 4 4 6 7

312 2 /7 3/3 7 7 77 77 7 7 7

2 2 /773 /3 7 7 7 7.-+

)30 2 1 /8 7 1  7 7"7 7 2

3o 2 8 76 2/ 227 77S
lo/91/76 7 77 77 7 7 7

16 2, 1/ 
7

317 2 2 2/2O7/733 7 7 77 77 7 7
'2 2 2/ / / 3 3 3 -

318 2 2 /2 7 /7 7 6 6I6 66 7 7
2 2'/ / /3 7 7 7 77 7

31 2 7 72 / /7 33 7 7 7 7 7

31 3 1/3 7 7 7 7 7

13 2 2 /40 /1 7 2 2 2 2 2 3 i 5 71111/12/ 7 3 33 335 3/ 7

S" 7 3 7 3 7 7 7 72I 3 1/110/102/27if 
jI i f if7

325 3 / 7 2 7 7 7

31 / 10/ 8 7 7 
..

26 1/110/102/7 7 7 77 7'7 77327 314 1/110/102/7 7s 6 6 6 6 6 6 7 7

3 3 86 7 7

31 / • 2/ 7 1 1 1 2 3 531 3 1 3/10 2/2~ 7 1 22 2 3 7 7 7
32 1 1 0/022 2 2 2 3 4 5 7 7

11i/o22 73 13 3 3 3 3 f32 1 3 7 7

2/2 7 4 
7

3f 24 3 if 1./0104 4 4 5 4f325 3 1 1/1 1' .22 7 7 7 7. ,. 7

1/1 .10/10+. + .+.? - :
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114 1 I
-~ LI 5

- - 138

1 21 1

112
1-1

125
116

111
130
111

131

134

137 1 1
1381
139 1 1

142- 1 1
1143 1 1

ONME1 1 1
11

PEA 14
141
141

151

15 1
15 1

1514 1 1
ER IEAX 155 1 1

156 1. 1
157 1 1

~%AL..II3158- 1 1
159 1 1
1 60. 1 1
a6i 1 1
162 1 1
163 1 1

3.3 164 1 1

166 1 1
16167 1 1

168 1. 1
170 1 1
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171 1 1

7370f172 1 1
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9/ 7 2 3 3 4 4 3/ . ,ir 3 ... 3 Bb9 133 7 7313/3 /8'
7 4 45 4 4 53/3 5/5

I9/9 11 4 77 36 325/5

1o/9 7/2 7 7 7 7 7.7 7 7 7 37 3 2 2/2 5/5

10/102/2 6M 2 22 22 3 338 32 2/55 21

10/102/2 6M 17 77 777 7 7 39 3 2 2/2_ 5/5

1OZ10 2/2 7 1 1 2 2 4 6 7 2

10/10 2/2 7 2 2 2 2 7 3 7 3 j OEachmpunit represen
ts a

1102 7 3 7 appig classes of slope, SL
7 57EA and IA, and step height

0/02/2 7 2 2 2 2 -2 5 7' 7

10/10 2/2 7 7 7 7 7 7 7 7 7 were mapped. The numerator

10110 2/2 7S 2 2 2 2 2 3 3 7 wr 'pe.Tenmao

1/1 7 2 2 2 2 2 5 7 7 counteed while traversing

3/3 1 7 2 3 3 4 4 5 7 180 deg) and the deaniato

to 360 deg ) assuming that
7 7 7 7 7 7 7 7

:3/3 2/b 7 7 7 7 7 7 7 7 7 1
743 1/1 4m 1 1 1 2 4 7 7 Mapping class ranges of ez

4/3 1/1 4 1 2 7 7 7 7 .slope(sL) "mt .43 1Z M 3 3 33 4 6 7 -(L Sa iC

4/3 1/1 4M 3 3 3 414 14 5 7 Rap MapC 3 - lass C).as :

4Z3 1/1 4M 4 4 4 4 47 Cass1 0-1.5 1a

4/3 1/1 4M 7 .77 77 7 7 2 0-1.5 2

54/3 1/1 5 1 11 23 5 -7 7 3 2.5-10

4/3 i/15 7 77 77 7 7 7 10-17 4

4/3 1/1 6M 1 2 7 7 7 5 17-22

4/3 1/1 6M 1 7.7 77 7 7 2 6 >22-27

4/3 1/1 6M 2 22 23 4 5 7 6 1

4/36M 3 3 33 4 6 7 7 Z?-31

6M 4 414 44 4 4 7 31

6M4/3 1/1 6 66 66 6 7 7

4/3 1/1 6M 7 7 7. 77 7 7 7

4/3 1/1 7 7 1 1 23 5 7 7.

14/3 1/1 7 1 1 1 214 7 7 .7
4if3 1/1 7 1 12 214 7 2

4/3 1/1 7 1 22 23 7 7 1

4/3 1/1 7 1 22 214 5 7 7

4/3 1/1 7 1 27 77 7 7 3

!24/3 1/i 7 1 77 77 7 7 2 IA

4/3 i/i 7 2 2 2 2 7. --

/ 7 2 2 2. 2 2 5 7 7

1/1 7 2 2 2 2 3 4 5 7

2 40 1/1 7 2 22 23 5 7 7

,24Z3 1/1 7 2 72 33 6 7 7

2 4/3 1/). 7 2 3 3 314 14 5 7
4/3 i/i 7 2 33 444 5 3

4/3 1/1 7 3 33 33 3 4 7

1/1 7 3 3 1414 6 7 apping class r.

1/1 7 3 33 3 3 4 6 7

2 4/3 1/1 7 4 1414 141414.14 
C7 Yap 6-2i

.2 4/3 1/1 7 14 1414 4 4 5 4 las s RCI

2 4/3 i/i 7 6 6 6 6 6 6 .7
7 6. 72 ,10-2D

/2 4/3 1/3. 7 7 7 7 7 7 7 7 7 .2 >0-2072 7/ .3 p20-35

,2 4/ 1/1 7S 1 22 214 5 7 7 3 ,35-50

1/1 7S 1 2 7 7 7 7 7 3 5 -75

/2 4/3 1/1 7 14 414 41414 '4 6 >7;-I
13 

6 >75-12

7,3 1/33 7 7 ;12

7/5 1/1 3M 6 6 6 6 6 6 7 7

7/5 3M 7 7 7 7 7 7 7 7

-/37/5 1/1 3S 7 77 77 7 7 7 rapping class ranE

/ M 3 22 214 7
. 7/ 1/1.4 4 4 4 4 4 5 4 stemSrac

_____ ___ __RP



31rri 7 I,.~I1~3
3 3P2/ /2 3M 322 23. 3 43 -33/ 2/2 8 77i 7 .

32 / 5 0 /5 2/2 !I 7 7 .7 7.7 4 7m 3 12 3Z31' 8/ 2/17 7 7  7 7 7 7 7'
3 2-2/2 55 2/2 7 7 77 7 7 7 7 7

932 2/2 5/5 2/2. 7S__ 7 7 7 7 77 7 2 1 7- _

O*Each .map unit represents an array of ,syabols [i.e. 1,1, (!/i 10/10),2/2] indicating
mpping classes of slope. SL (see diagram below) obsta.ip spacing OS, approach 'angle
EA and IA, and step height SH. Fractional designations indicate that dual classes
Swere mapped. The numerator of-the fraction i6dicates class range that Yill be en-
countered while traversing an area in an easterly direction (i.e. azimuth from'O to
180 deg) and the deaainator refers to a westerly direction (i.e. azimuth from >180
to 360 deg ) assuming that the vehicle intersects the obstacle at a right angle.
• Mapping class ranges of each surface geometry factor are: A

.Slope (SL) Spacing (CS) Approach Angle (EA-IA) Step Heigh (SH)
Map hap g-ap

Class eg Class ft Class deg Class in
1 0-1.5 0-50 1 0-1.5 1 08
2 ' 1.5-4.5 2 50-150 2 ,1.5-4.5 2 8-10
3 )4.5-10 3 50-225 3 >4.5-10 3 10-12
4 >10-17 4 '225 4 >10-17 4 . >12-14 T4
5 >17-22 5 ,17-22 5 1-16 ,
6 '22-27" 6 '22-27 6 >16-20
7 Z?-31 7 ,27-31 7 ' 2-30
8 > 31 8 >31-36 8 > 30

9 >36-4.5
20 "45

• if . . :?SEA

IA I

Mapping class ranges for each Surface Conmiosition unit are:

Map 6-12 in Yap 0-6 in Map 6-12- in
* Class RCI Class CI Class C1 "

1 10 is 0-20 li, 0-15
. 2 -,10-20 2S >20-40 23 '15-30

3 >20-35 3S > 40-75 3M > 0-454 ?35-50 4S > 75-12 5 011 ',45-60
.5 -- 75 5S >125-175 91f ,60-80

* 6 >75-125 6S : 175-250 6M11 >80
, a i l5 e h ,250 abs
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I 4S , 177 1 1 M3/ 7/5 1/11 5 7 7 7' 
fr)~~ .178 3.1/75iiI547 7 7 77 7: 7

~3 11/7/5 1/1 5M 1 1224
07 1 13/3 7/5 1/1. 6M 1 2247.77 7

11 3/37/5 1/1 6M 2 22 2 . 7.
1382 -11 3/3 7/5 1/1 6m~ 2 2 2 2 3 14 5 7
2 '~3 1 / 1/1 6M 2 3 3141414 14 2.
.~814 1 13/3 7/5 1/1 6m 3 33 414 7 7 7
1185 1 1 3/3 7/5 1/1 6m 1 1 4 14 14 14 14 7

- 8 6 1 1 3/3 7/9 1/) 6m 14 4 4 14 14 4 5 14
17 1 1. 3/3 7/ .i 6m 6 6 6 *6 6 6 7 7

10-44 3288 1 1 3/3 7/5 1/1 6m 7. 7 7 7 7 7 .7 7
189 1 13/3 7/5 3 7 1 25 7 74

*10 1 3/3 7/5 1/1 7 1 12 214 6 7 2

193 1 13/3 7/5 1/1 7 1 27 7 7 7 3
.. t~)1924 11/3/ i/ 75 ~ 7 2

295 1 1 3/3 7/5 /i 7 2 2 2 2 3 ,

S193 1 13/3 7/5 1/1 7 2 33 1441 3*
197 13/7/5 /i 3 3 33 147

S198 1 13/37/5 1/1 7 373314 6 7
199~~~~ ~ 1733/ 2/.7 3 3* 11

'201 1 13/3 7/5 / 7 4 141 141414 5 7 17

161 1. 3/3 7/5 1/1.7 7 77 3* 7

20 13/3 7/5 1/1 7S 1 12 21334 7
198q 1 13/3 7/5 1/1 7S 1 27 77 7 3
190711 3/3 7/5 A/ 7S 1 3 7 7 7

:'~~200 1.1 3/3 7/5 1/1 7S *2 2 2 2234

: r.~~~ 201 1 1 3/3 7/5 1/i 7S 2 3 3 3 4 4 54
if20.3113/3 7/5 7/i 7S 23744 4
*2>$ 21 1.: 3/3 7/5 1/1 7- 2 37 141417 5 7

~~~~12133/3 75 1/1 73S 3 33 31
21 1 3/3 7/5 1/1 7S8 3 3 1

206 1 1 3/3 7/5 1/1 7S 3 3 3 7~ 74 7~ 73
215 113/3 7/5 2 1 41 441
216 1 13/37/5 1/1 751 41 4
217 1 1 3/3 ~ 735 626 6

1/1 7S 2 -
21 / /

3/ -(1 1/ S 3 3

21 1 33 7/,/17' 4 4 4

21 3 75 14 s 4 4 1

21 375 1 7



7 1fappire class ranges -+O-r eih 3p-acing .1ass ihd ,' Istiiity class are:
4 I Stem S acing Visibility

7 II P a tap

7 Class :'t Class t
7 .1 '15
. 2 '9.12 2. 15-21
3 3 >12-35 3 "21-27
7 4 ,15-20 4 '27-33
7 -.-2)-25 5 '33-39
2 6 '25-30 6 39-45

77 1"3 71 45
7
4
.7

:7

S 2
7
7

~. 3
. 2
* 7

3
, 7

7
S 7

2

37
7

7

7

3

2

777

7

4
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IES M84I-TR-Z 62
71455

StMFACE GEOHETRY COMPOSI- SP

Map _- -o__ TION S

1 1 ... 1/1 10/10 1/1 6M 2 2
2 2 1 1/1 10/10 1/1 6M4 3 3
3 1 1 /10/1o 1/1 7 1 2

C. 2 1 1 1/1 10/10 1/1 7 2 2
5 1 1i1/1 10/10 1/1 7 2 2
6 1 1/1 o/o 1/1 7 2 2
7 1 1/110/10 1/1 7 2 2
8 1 1 1 /10 1/1 7 3 3
9 1 1 I/i 10/10 1 7 3 3

10 1 1 1/1 10/: 11 7 3 3'
11 1 1 1/1 io/)o 1/1 7 2 4

' 12. 1 1/110/10 1 7 6 6
51113 1 1 1/1 10/10 1/1 7 7 7551 14 1 1 1/1 o/lo 1 1 7S 2 2

15 1 1 1/1 10/10 1/1 7S 2 2
1 11]/ 10/1 1/1 7s 7 7

i7 1 2/210/10 2/2 + 7 7
8 1 1 2/210/10 2/2 1 7 7

19 1 2/210/10 2/2 2M 7 7
20 1 1 2/2 10/10 2/2 3M 2 2
21 1 1 2/2 10/10 12/21 3M 2 2

!22 1 2/210/10 2/2 3M 3 3
S23 2.1 2/2 10/10 2/2 3M 3 3

24 1 1 2/2 30/10 2/2 3M 7 7
25 1 2/210/102/2 5M 2 2

26 1 1 2/210/10 2/2 5M 7 7
27 1 1 2/2 10/10 P/2 5M 2 2
28 1 12/210/10 2/2 5M 3 3

,29 1 1 2/2 10/10 2/2 6M 1 1
30 1 1 2/2 10/10 2/2. 6M 1 1
31 1 1 2i 10/10. 2/2 6M 2' 2

5512 32 1 1 2/2 10/10 2/2 6M 2 2
33 1 1 /2 10/10 2/2 6m 2 2
34 1 1 2/2 10/10 /2 6M 2 2
35 1 1 /2 10/10 2/2 6M 2 2
36 1 1 /2 10/10 2/2 6M 3 3
37 1 /210/10 /2 6M 3 3
38 1 1 /210/10 /2 6M 3 3
39 11 /2 10/10 /2 6M 3 3
4o 1 1 2 10/10 42 6M 6 6
4i 1 1 /2 10/10 P/P 6M 7 7
42 1 1 W2 10/10/?2 6m 7 7
.43 1 1 /210/10 ?/2 7 1, 1
44 1 1 /2 10/10?/2 7 1 1
45 1 1 /21Q/10 ?/2 7 2 2
46 1 1/210/10/2 7 2 2
47 1 1/210/10 /2 7 2 2
48 1 1/2 10/10/2 7 2 2

z ! zozo / 7 2 2
049 1 / 10/10/2 7 2 2

5550 1 1/P10/10/2 7 2 2
1053 1 1 /2 10/10 /2 7 3 31 5 052 1 210/10 1/2 7 3 3



LEGEND

VEGETATION SVRFACE
';Spacing of Stems > the SURFACE GEOMETRY COhOSt- Spacing of S

ecified Diameter. in. Map TION Specified V1
4.0 5.5 7.0 8.5 10.0 Visibility Unit ESL"I IA SR ___ 1.0 2.5 4.0 55;1

22 2 3 4 7 73 1T1i6'0/1 /4 7 777
3 3 3 7 74 11/ /0 /4 7S 2 2 2 2

2 4 5 75 1i/60/lo /4 7S 3 333
z2 22334 76 11L/o/lo 4 78 7777

4 77 1 1O 1/10 /1i 6M 2 2 2 22 2 3 4 7 7 1 1 c (l0/101 /1 6M 6 6662 i 2 7 4 5 7( ! 6
2 2 4 7 8( 1Oi3/l0/1 6M 7 7 7
3 3 3 4 6 7 80 11 110/10./1 7 2 2 2 2
3 333 4 7 81 1 1 30/10/ 7 4 444

S4 4 44 82 11 /010/10/1 7 6 666
A.. 1 . 4 5 5 783 1 1 110/10 /1 7 7 7 7 7
,6 66 6 6 7 7 84. 1 .o1o/o 1/1 78 2 2 2 2

87 7 7 73010/10 1/1 7S 7 1 7 7
,2 2 2 2 47 86 2 /37/10 '7 7 2 2 2 2-'2 22 3 47 8 2 9/10/7 7 4 4 44

72 7 2 7 7 7~ 188 12/3- 7/10 /7 7 6 6 6 6
Y 7 7 -7 7 7 1 89 1 2/7/10 /7 7 7 7 7 7
7 7 7 7 7 7 90 1 3 2 4/4 /2 6M 3 3 3 3

7 7 77 91 13 /24/4 /2 6M 7 777
'2 3 677 92 3 /24/4 /2 7 1.1 1 2

2 3 6 7 93 1 3 /2 4/4 /2
2 2 2 3 3 47. 94 1 3 /2 4/4 /2 7 3 3 3 3

3 3 3 3 4 7 95 3 /24/4 /2 7 3 344
S3337 96 3/24/4 /2 7 6 6667 7 7 7 7 797 3 /,4 / 7 7 7 7 7

2 2 2 4 77 98 1 3 /2 4/4 /2 7 7 7 7 7

~7 ~ ' 7799 1 3. /2 4/4 2/2 78 7 7 7 7
7 7 7 7 9.7 7 7

2 2 2 4 7 7 7 §9 1 21 /110/1 2/2 74 7 7 7 7
-,%~ 7 101 2 1/1 10/10 /1 624 12 5

3 2 3 4 7 102 2 1 /110/10 1 6M 1 2 3 3;L 2 4 7 10O 2 1 / 0 /I 6M 3 3 3 3
24 7 7. 103 2 1 /110/10 /1* 6M 6 6 6

2 2 2 2 3 7• lO4 21/10/10 /i 6M 7 7 7 7
'2 2 2 3 3 4- .105 21/110/10/1 6M 7 7 7 7

2o6 2 1 /110/10/i 7 1 24
2 2 2 3 6 1 2

2 2 3 7 7" 7 10 2 1 / /i 7 2 2 2 2
3 3 3 3 0O2 1 /110/10 i 7 2 2 2 2

h'4'10 2 1/1 10/10/1 7 222
3 111 21/110/10 /1 7 2 2 23 3 4 4
3~ 4~ 4 5I12 110/10 /1 7 2 2 2

6 6 6 7 113 2 1/110/10/ 7 2 2 2

S7 77113 21/110/10/i 7 2 2 2

7I 7 7 7 7 10/10 1 7 2 2 3

1 2 2 2 2 3 118.21 /iio/10 1/1 7 3 3 3
12 7 7 /110/10 11 7 3 3 3lB 2 1 /1 ,o o 11 7 3 3 I

2 2 2 2 3 7 119 2 /110/10 7 4 4 42 2 3 3 4 .7 120 2,1 /1o/o 1I1  7 6 6 62 2 3 4 7 121 21/110/10 7 7 772 2 3 7122 21/i 0/0 1/ 7 7 7 7
37124 2 1jio /11 713 2/10/10 A 78 1 1 22 2 2 11/0 1/ 7S S 2 2 2

3 3 3 4 5 7 125 21/11 0 1/i 7S 2 2 2
- 1263 3 1 7 /6 2/ 101 78 3 3 4

0 10 1 . 7S 6 6 6



1
TION SURFACE VEGETATION
> the -RPACE GEOMETRY COMPOg- Spacing of Stems >the
r, in. Ma TION Sp S]ecified Diameterj in.8.5 10.0 Visibility Unit SL0S EA IA SH 1.0 2.5 4.0 5.5 7.0 8.5 10.0

7 7 -7 145 2 .2/2 0o/10 3/3 7 7 7 7 7 7 7 7
4 4 7 146 2 12 /210/10 3/3 7S 2 2 2 2 3 4 5
" 5 7 147 2 2/2 10/10 3/3 7s 6 6 6 6 6 6 77 7 7 148 2 l 2/2 /10 3/3 7S 7 7 7 7 7 7 7
77 7 149 2 12/5 3/7 1/1 6M 2 1 2 7 7 7
* 7 7 150 2 i? 2/5 3/7 1/1 .6M 7 7 7 '7 7 7 7

'7 7 7 151 2 112/5 3 1/1 7 2 2 C 2 2 3 4 5
-7 7 715 212/5/ 1/ 7 2 22 4 7 75 7 153 2 'l 2/5 .3/ 1/1 7 3 3 3 3 3 4 5

6 7 7. 154 22 - /53/7 1/1 7 3 3 3 3 4 4
77 7 155 2 .l12/53/7 1/I 7 3 3. 4 4 4 5 5
77- 7 156. 2 1 2/5 3/7 1/1 7 4 4 4 4 4 5 5
7 7 7 157 2 1 2/53/7 1/1 7 6 6 6 6 6 6 74 5. T 158 2 2/5 3/7 1/1 7 7 7 7 7 7 7 7'559- 2 6 6 6 6 6 6

*~~ 6715 .2 2/5 3/7 1/1 78B6667 7 160 2 12 /53/7 1/1. 73 7 7 7 7 7 7 7•7 7 7 L61 2. 13/2 10/10 2/2 6m 2 2 2 2 .2 3 4
4 5 7 162 2 1 3/2 10/10 2/2 6M 2 2 2 2 3 4 4
7 7- 7 163 2 13/2 10/10 2/2 6M 2 2 2 2 4 7 74 7 4 64. 2 13/210/10 2/2 6M 6 6 6 6 6 6 7
2 3 7 165 2 1 3/2 10/10 2/2 6M 7 7 7 7 7 7 7

5 7 166 213/210/10 2/2 7 1 1 1 2 2 4 75 5 .7 67 2 13/2 10/10 2/2 7 1 1 2 2 2 3 46 7 7 168 2 13/2 10/10 2/2 7 2 2 2 2 2 2 37 7. 1 169 2 1 3/2 10/10 2/2 7 2 2 2 2 2 3 4
7 7 7 170 2 13/2 10/102/2 7 2 2 2 2 3 4 4
7 7 7 171 2 3/2 10/10 2/2 7 2 2 2 2 2 4 5
7 7 7 172 2 1 3/2 10/10 2/2 7 2 2 2 2 3 6 76 7 P 173 2 13/2 10/10 2/2 7 2 2 2 2 4 6 7
4 5 7 ,174 2 13/2 10/10 2/2. 7 2 2 2 2 4 7 76 7 7 175 2 13/ 10/102/2 7 3 3 3 3 3 3 4
7 7 176 2 13/2 10/10 2/2 7 3 3 3 3 3 4 5
7. 7 7 177 2 13/2 10/102/2 7 3 3 3 3 4 4 46 2 178 .213/2 10/10 2/2 7 3 3 4 4 4 5 52 7 7, ;179.2 13/2 10/10 2/2 17 4 4 4 4 4 5 5
.3 4 7 180 213/210/10 2/2 7 6 6 6 6 6 6 74 6 7 .181 2 13/2 10/1.02/2 7 7 7 7 7 7 7
3 4 7 182 213/210/10 2/2 7 7 7 7 7 7 7 7
4 7 183 2 1 3/2 10/10 2/2' 78 3 3 4 4 4 5

4 57 184 j2 13/210/10 3/2 78 .6 6 6 6 6 6 7
27 8 1 3/2 10/10 2/2 7S 7 7 7 7 7 7 77 7 7 Ib 2 /3 10/10 2/2 6M 2 2 2 2 3 4 4

3 4 7 .187 2 1 3/3 10/10 2/2 6m 3.3 3 3 4 4. 4
4 5 7 188 213/310/10 2/2 7 2 2 2 2 2 2 3
5 5 4 .189 2 1/3 10/103/2 7 2 22 2 2 3 4
5 5 7 190 2 13/3 10/10 2/2 7 2 2 2 2 3 4 46 7 7 191 2 13/3 10/10 2/2 7 2 2 2 2 .3 4 5

7 7 7 1 192 2 13/3 10/10 2/2 7 2 2 2 2 3 6 7
7 7 7 7 1.93 2 13/3 10/10 2/2 7 2 2 2 12 4 6 7~2 3 4 7 194 2 1 3/3,10/10 2/2 7 3 3 3 3 3 3 4

.4 6 7 - :195 2 1 3/3' 10/10 2/2 7 3 3.3 3 3 4 r,
4 4 7 196 2 1 3/310/10 2/2 7 3 3 3 3 4 4 4

5 197 12 1 3/310/ 10 2/2 7 3 3 4 4 4~ 5 5
.~~~~~~~ ~ z 1U" . , 1 - 4 4 1 5 1 5



StMU'ACE VEGETATION _ _ _

Y COKPO0I- Spacing of Stems > the
- TION Specified Diameter, 4n.
IIA S , 1.0 2.5 4.0 5.5 7.0 8.5 10.0 Visibility

10 313 7 7 7 7 7 7 7 7 .7
103/3 7S 2 2 2 2 3 4 5 7
/103 7S 6 6 6 6 6 '6 7 7
103/3 7S 7 7 7 7 7 7 7 7

/7 1/1 6M 1 1 2 4 7 7 7 7
/M 7 7 7 7 7 7 7 7

7 1/1 7 2 2 2 2 3 4 5 7
7 1/1 7 2 2 2 4 7 7 7
/7 ifi 7 3.3 '3 3 314 5 7

7 1/1 7 3*3 3 3 4 4 4 7
;/7 1/1 7 3 3. i4 4 4i 5 5 if

7 1/1 7 4 4 4 4 4 5 5 7/7 1/7
77 67 7

7 1/1 7 7 7 7 7 7 7 7' 7
3/7 1/1 7S 6 6 6 6 6 6 7 7
-/7 1/1 78 7 7 7 7 7 7 77
-1/1o2/2 6M 2 2 2 2 .2 3 I 7
/102/2 6M 2 2 2 2 3 4f 4 7

j10/102/2 6M 9 2 2 2 4 7 7 7
'10/10 2/2 6m 6 6 6 6 6 6 7 7
'1/12/2 6M 7 7 7 7 7 7 7 7
'10/102/2 7 1 1 1 2 2 4 7 i

/10/12/2 7 1 1 2 2 3 7
10/102/2 7 2 2 2 2 2 2 3 7
10/102/2 7 2 2 2 2 2 3 4 7
10/10 2/2- 7. 2 2 2 2 3 if if 7

>10/10 2/2 7 2 2 2 2 2 if 5 7
-10/102/2 7 2 2 2 2 3 6 7 7
i1/102/2 7 2 2 2 2 4 6 7 7
210/10 2/2. 7 2 2 2 2 if 7 7 7
10/102/2 7 3 3 3 3 3 3 4 7
10/10 2/2 7 3 3 37 3 3 4 5 V
10/102/2 7 3 3 3 3 4 4 4 7
10/102/2 7 3 3 i 4 4 5 5 4
.10/10 2/2 17 if 4 if if 4 5 5 7,
210/10 2/2 7 6 6 6 6 6 6 7 7
10/102/2 7 7 7 7 7 7 7 7 1
10/102/2 7 7 7 7 7 7 7 7 7
10/102/2' 7S 3 3 .4 4 i 5 5 4
10/103/2 78 6 6 6 6 6 6 7 7
10/10 2/2 7S 7 7 7 7 7 7 7 7
10/10 2/2 6M 2 2 2 2 3 4 i 7
10/102/2 6M 37 3 3 3 4 i 4 7.

~10/10 2/2 7 2 2 2 2 2 2 3 7
.10/10 3/2 7 2 2 2 2 2 3 If 7

7 2 2 2 2 3 i i 7
10/102/2 7 2 2 2 2 .3 4 5 7
10/102/2 7 2 2 2 2 3 6 7 7
10/102/2 7 2 2 2 2 4 6 7 7
10/10 7 3 3 3 3-3 3 4 7
10/102/2 7 3 3.3 3 3 4 5 7

~10/10 2/2 7 3 3 3 3 if 4f 4 7
1002/2 7 3 3 _ i 4 5 5 4

7
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! I 0
510 521l-L/20/a02

53 1 . /2 iai 2',
55 1 1 2 101

s5 1 -1 /2 0/10/1 1 2 10/10 /2
57 1 1 /2 10/0 /2

58 1 .2 1o0 . 2/- '

59 1 1 /2 10 /2
6o 1 1 /2 0/10 /2
61 1 1 /2 o.o / 2
62 1 1. 2 L/10 /2

63 1 1 /. .1I0O 1
64 1 i 8 0/7 /1
61- 1 1 /8 O/7 .-
67 1 /8 0/7 /1

S68 1 i /8 10/7

55 870 5/6 10/10 /4
-- 4 . 1 )71 1 1 5/6 10/10 /4

150 7 - 72 1 1 5/6 10/0 '114

- \ I

2 ~ '~ ~ O ~SUR~FACE GEOHETRY c

do. 

2

88Io3,21820 312/2 4/4 2/221 2 3 2/2 4/4 2/2

89 "'- 3222 2 3 12/2 4/4 2/2-P 223 2 3 2/2 4/4 2/2
222 3 3 2/2 10/10 2/2

81. i,, 68
'  

"t ' ' -", / 2206 111/1 /
75226 3 3 2/i 4/ 2/

0227 3 1 1/i 1/10 2/2
q7) lit I' , z I ¢

t225 3 1 1/ 10/10 2/2-5 06229 3 1 1/1 10/3.0 2/2(; / 1-I-- 230 3 1 1/1 10/10 2/2
231 3 1 1/1 10/10 2/2
22 3 1 1/1 10/10 2/2
233 3 1 1/1 10/10 2/2

11II231 3 1 1/1 10/10 2/2
235 3 1 1/1 10/10 2/12
236 3 1 1/1 10/10 2/2
237 3 1 1/1 10/10 2/2

+ t.238 3 1 1/1 10/10 2/2
.ttn l239 3 1 1/1 10/10 2/2

2370 3 1 1/1. 10/10 2/2
2381 3 1 1/1 10/10 2/2

T- II2392 3 1 1/1 10/10 3/3
13243 3 1 2/2. 10/10 3/3

-al-nb,4n214 3 1 2/2 10/10 3/3
13245 3 1 12/2 10/10 3/3L50 2146 3 1 2/2 10/10 3/3

.246 3 1 2/2 10/10 3/37

.247 3 1 1 2/ -



-2 2 '4 Y ( 124 2 1 L/Io10/1 1/. it
3 3 3 3 3 4 5 7 i5 2 / -1 L10/10/1 7S 2 2
3 3 3 3 4 4" 4 7 126 2 1/1,10/C/ 78 3 3
3 3 -4 4 5 5 4 127 2 1/ 0/10/1 7s 6 6
4 44 -4 5 5 7 '128 2 1 I'x 10io /1 7S 7 76 6 6 6 6 7 7 '1 2 1/344/7 7' 6 67 7 7 7 7 7 7 1 130 2 1 /3 4/7 /7 7 7 7

7 7 7.7 7 7 7 131 2 11/3 4i/7 /7.73 7 7~1 1 2 2 2 3 14 7 132 21 210/10 2M 3 3
2 2 2 2 3 4 4 7 133 2 1/210/101. 6M 2 2
3 33 3 3 4 5 7 134 2 1 /2 10/1 6M 7 7
6 6 6 6 6 7 .7 135 2 1 /210/10 /3 7 2 2

~6 6 6 7136.-2 1/2 10/10 /3 7 2 2
3 3 3 3 3 4 5 7 "137 2 1 /210/0 3 7 2 2
4 4 4 4 4 . 5 7 138 2 /210/103 7 3 3

7 77 7 7 7 7 139 2 1 /2 10/10/3 7 3 32 * 2 2 3 4 5 7 140 2 1 /2 10/10 /3 7 3 33 3 3 3 3 4 5 7 141 2 1/210/10/3 7 3 3
4 4 4 4 5 5 7 142 2 12 10/10/3 7 3 3

7 7 7 7 7 7 7 7 143 2 1210/10/3 7 4 43 3. 3 3 3 4 5 7 144- 2 1210/10/3 7 6 6
4 4 4 4 1 5 5 7
6 6 6 6 6 6 7 7

VEGETATION __" SURFACE
Spacing of Stems > the SURFACE GEOMETRY COMIOSI- Sp-1
Specified Diameter, in. Map TION Se

.1.01 2.5 4.0 5.5 7.01 8.5-10.0 Visibility- Unit SL OS EA IA S 1.0 2.5
7 17 7 7 7 7 7 7 291 41 i 10/10 2/2 7 4 4
2 2 2 2 24 6 292 4 /1 10/10 2/2 7 6 6

3 9 .41 1/1 10/10 2/2 7 7 73 3 5 5 4 293 11/110/10 2/2 7S 3 3
6 6 6 6 66 7 7 295 411/, O/10 2/2 7 7 7
7 77 7 7.7 7 7 296 411/1 10/10 4/4 7 2 2
2 2 2 2 2 2 3 7 297 4 1 1/1 10/10 4/4 7 3 3
2 2 2 2 2 3 4 7. 298 4 11/1 o/lo 4/4 7 3 3
2 2 2 2 2 4 6 7 299 4 11/1o/o 4/4 7 3 3
2 2 2 2 3 4 4 7 300 4 illo/lo /4 7 3 3
2 2 2 2 3 4 5 7 301 411/1 10/10 4/4 7 4 4

S2 2 2 2 36 7 7 302. 41/ lo/io 4/4 7 66
2 2 2 2 3 7 7. 7 3 411/1 o/iO 4/4 7 7 7
3 3 3 3 3 37 3o4 41i/ lo/lo4/4 7 7 7
3 3 3 3 3 4 5 7 305 51 3 7/7 7/7 7 11
3 3 3 3 4 4 4 7 '306 513/37/7 7/7 7 2 2
3 3 4 4 4 5 5 4 307 513137/7 7/7 7 2 2
4 4 4 4 4 5 3W6 5 13/3 7/7 7/7 7 '22
6 6 6 6 6 67 7 309 513/3 7/7 7/7 7 22
7 7 7 7 7 7 7 7 310 513/37/7 7/7 7 3 3
2 2 2 2 2 4 6 7 3n 513/3 7/7 7/7 7 3 3
2 2 2 2 3 4 5 7 312 513/3 7/7 7/7 7 3 3
3 3 3 3 3 4 5 7 313 513/3 7/7 7/7 7 44
7~ 7 7j7 7 7 7 7 314 5 13/3 7/7 7/7 7 6 617 7 7 7 7 7 7 7 315 5 1 3/3 7/7 7/7 7 7 7
2 2 222 2 3 4 7316 5 1 3/3 7/7 7r/7 7S 6 6
2 2 2 2. 3 4 4 7 317 5 13/37/7 7/7 78 7 7
7 7 7 7 7 7 7 732/210/ 7 33
1 1 1 22 2 4 7 4 319 612/210/108 / 7 2!72 ./ 0 .7~z LJ/8
.1 2 4 7 7 o/. 7

3221 11 -)7 
I, 

18



.4 I 6 ,,'7 -:195 2 13/3 101022 7 3l3 -3- 3-,3
3 4 4 7 396 2 1 3/3 10/10 2/2 7 3 13 3. 3 '4
4 5 5 197 2 1 3/3 10/10 2/2 7 3 3 _4 4 .4-

16 7 7 2 1 3/3 10/1.0 2/2 7 4 4 4 I I
7 7 21 3/3 10/10 2/2. 6 6"6 6, 6

6 7 7 2 1 313 10/10 2/2 7 4- 2 3

7 7 7 7 2 0 113 10/10 2/2 7S 2 2 2 3

7 7 7 7 202 2 1  3 / 3 10/10 2/2 7S 3 33 3 4 4 4,
4 5 7 203 2 1 313 10/10 2/2 "Is 6 6 6 6 6 6 7
.3 4 -7 204 2 3/310/10 2/2 7S 7 7 7 7 7 7 7

7 77 7 206 2 2 5/10 9/5 8/7 6M 7 7 7 7 7 7 7

3 7 20 22 51p 9/5 8/7 7 7 7 7 7 7 7 7

3 4 4 7 207 2 3 2/2 /4 2/2 6M 2 2 2 2 3 3 4

3 4 5 7 2083 2/2 /,4 2/2 6M 7 7 7 7 7 7 75
3 4 7 209 2 3 2/2 4/4 2/2 7 2 2 2 2 2 3" 4.

3 4 4 7 210 23 2/2 4/ 2/2 7 2 2 2 2 2 4f 6.
3 1 5 7 2113 2/2 /4 2/2 7 2 2 2 2. 3 3 ]4,
4 4 4 7 2122 3 2/2 4/.4' 2/2 7 2 2 2 2 3 4 4'3

4 5 5 4 213 23 /2/, /2 7 c 2 2 2 3 4 5

4 5 5 7 214 2 3 2/2 4 2/2 7 3 3 3 3 3 4 5.J
6 6 7 7 215 23 2/2 4/4 2/2 7 3 3 4 I If 5 5

2162 3 2/2 4/4 2/2 7" 4 4 4 4 4 5If 5
2172 3 2/2 4/4 V2 7 6 6 66 6 6 1

GETATION *Each wap unit. represents an array of sibols [i.e. 1,1,(/i 1 /1O),2)
tems > the mapping classes of slope SL (see diagram below) obstacle s'.acing 0S,
ameter, in. sA and IA, and step height SH. Fractional designations indicate that,
7.0 8.5 10.0 Visibility were mapped. The numerator of the fraction iddicates class range that
4 5 5.. countered while traversing an area in an easterly direction (i.e. azii
6 6 7 7 180 deg) and the denominator refers to a westerly direction (i.e. azi
7 7 7 7 to 360 deg ) assuming that the vehicle intersects the obstacle at a r

:7 7 77
3 4 5 7 *Yppig class ranges of each surface geomtry factor are:
7 7 7 7 "
3 6 7 7 (S Spacing (OS)- Approach Angle (EA-IA Step'3 3 4 7 lap Map -AN

C 5 7 Class &g,, [Class ft Class deg Mlal
4 4 4 7 0-1.5 1I 0-50 1 0-1.5 I
hf 5 5 2 ,1.5-4.5 2 ,50-150 2 3'1.5-4.5 24 5 5 7 3 4.5-10 3 ,150-225 , 4.5-10 3

7 7 7 11 4 >22 4 10-17 47 7 7 7 5 '17-22 .5 17-22 5
2 4 7 6 '22-27 6 p22-27 6
2 3 4f 7 7 '27-31 ? '27-31. ?

S431 8 , 31-36
4 6 7 7 9 40 5

7 7 7.
3 3 4 7
3 4 5 7

4 5 5 7
76 6 7 7 s

7 7 7 7 A I Vii
6 6 7 7 _A
7 7 7 7 - N-Aq

3 4 5 7
2 3 4 7
3 6 7 7 "" " 1

~ 3' 4 1 S ~- .... urface Oomyos;v.ui t.-



/1 2/2 7 3 3 3 3 3 3 7
/ 22 -7 3 373 3 3 4 5 7
/ 2 7 3 3 3. 3 4 4 4 7

/122 7 3 3 4 4 4 5 54
22.7 4 44 .4 5 5 7

02/2. 6 6 6 6 6 6 7 7
10 2/2 7 7 7 7 7 7 7
102/2 7S 2 " 2 2 3 4 4 7

7S 3 3 3 3 4 4 4 7102/2 7S 6 6 6 6 6 6 7 7
102/2 7S 7 7 7 7 7 7 7 7

/5 /7 7 7 7 7 7 7 7 7/ 87/7 7 7 7 7 7 7 7 74 2/2 6M 2 2 2 2 3 3 4 7.
2/2 6M 7 7 7 7 7 7 7 7
/ /2 - 7 2 2 2 2 2 3, 4 7 -.
2/2 7 2 2 .2 2 2 14 6 . 7
2/2 7 2 2 2 2. 3 3 4 7h/4 2/2 7 2 2 2 2 3 4 4 7.

(4 2/2 7 2 2 2 2 3 .4 5 7.,/4 2/2 7 3 3 3 3 3 4 5 • 7
4/ 2/2 7 3 3 4 4 4 5 5 4
A 2/2 7 4 4 4 14 4 5 5 7

7 6 6 6 6 6 6 7 7

presents at array of sybols [i.e. 1,1,(1/1 10/10),2/21 indicating
+of slope SL (see diagram below) obstacle spacing OS, approach angle
'tep height a{. Fractional designations indicate that dual classes

numerator of the fraction iddicates class range that will be en-
traversing an area in an easterly direction (i.e. azimuth fromO to
dencminator refers to a westerly direction (i.e, azimuth from >180

uming that the vehicle intersect- the obstacle at a right angle.

anges of each surface geometry factor are:

) Spacing (s) Approach Angle (EA-IA Step Height (SH)
CMap aft Map
Class f Class deg Class In

.5 1 0-50 1 0-1,5 1 484. 2 '50-150 2 '1.5-4.5 2 8-10
10 3 ' 150-22 3 >4.5-10 3 '.10-12

.1? 4 225 4 10-17 4 '12-14
22 . .5 ' 17-22 5 %14-16
.27 6 3 22..'7 6 ',16-20
1 7 ,.27-31 7 > 2-30

8 -31-36 8 '30
9 '36-45

10 45

EII

IA. \=J0 V_-



r 98

5504

JZ
j49 ee 312 *~31

I ~g 49 ' 1 ~ 9e~ ~QI8
69~

2611

2694



AND A N N
IM P ACT AR EA

.i

575

r I

N

N

5 1 5 4

zoo ~177 1419

3Z

,4- 9 - \19 H io
2Z97 1~-- 37 ~ ~ r. /

11 , as J zz °
S,87 

i I -1

Ito 2980

urmreuth

696 698 700



I Z47 zi
7  i

185 ?(s6 V.-

1454

1413

Z!0O 204
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233 3 1 1 10/10 2/2
231 3 1 1/1 10/10 2/2
235 3 1 1/1 10/10 2/2
236 3 1 1/1 10/10 2/2

18 
237 3 1 1/1 1o/10 2/2
238 3 1 1/1 10/10 2/2
239 3 1 1/1 10/10 2/2

1 H ' .2410 3 1 1/1 10/10 2/2

4241. 
3 1 1/1 o/io 2/2

242 3 1 2/2 10/10 3/3

3a2143 3 1 2/2 1o/10 3/3

I0-24 3 1 2/2 o/ 0 3/3 :
211t-n5 3 1 2/2 10/10 3/3

41246 3_ 1 2/? 10110 3/3~
.2417 .3 '1 2/2 16110 3/3 4.
24 3 2. 2/2 10/10 3/33
211 .3 1 2 10/10 3/31

.1:250 3 1 2/2 10/10 3 /3~
251 3 1 2/2 10/10 3/3
'252 3 1 2/2 10/10 3/3
253 3 1 2/ LO/10 3/3

.2541 3 1 2/2 10/10 3/3
255 3 1 2/2 10/10 3/3.
256 3 2 2/2 10/10 3/3*
257 3 1 2/2 10/10 3/3
p5s 3 i P/P in/in1 /

:29 3 1 o2/2 10/10 3/.
*260 3 1 2/2 10/10 3/3
261 3 1 2/2 10/10 3/3

:26RESTRICTED AREA :2 3 1 2/2 io/10 3/3
55"263 3 . 2/2 10/10 3/3
550226 3 1 2/2 10/10 3/3

265 3 2 2/2 3/10 8/8
266 3 2 2/2 3/10 8
267 3 2 2/2 3/10 8
268 .3 2 2/2 3/10 8/8
.269 3 2 2/2 4/4 2/2
270 3 2 2/211Z 2/2
271 3 2 2/2 4/4 2/2
1272 3 2 12/2 4/4 2/2

273 32"2/2 /4 2/2
271 3 2 2/2 4/1 2/2
275 3 22/21/1 2/2
276 3 2 2/2 4/4 2/2
277 3 2 2/2 4/4 2/2
278 3 2 2/2 4/, 2/2
279 41 1/1 10/10 2/2
28o 41 1/1. 10/10 2/2
281 41 . 1/1 10/10 2/2

5 282 41 1/1 10/10 2/2
- 283 4 1 1/1 10/10 2/2

712 714284 I1 1/1 10/10 2/2
fI4 65 41 1 1/1 10/10 2/2
286 4 1 1/1 10/10 2/2
287 4 1 1/ i 10/10 2/2
2881 1 2 1/1 110/10 12/2
289 111/1 1/1 12/2
290 41 1/1 10/10 12/



D 2/2 7 3 3 3- 3 4 4 4 7 " 1' " i ( f (1 -

P2/2 7 3 3444 5 5 4 307 5 13/37/7 7/7

p2/2 7 4 4 4 4 45 55 7 3CS 5 1 3/3 7/7 17 7p 2/2 7 66 66 66 77 309 5 13/3 7/7 77 '

,2/2 7 7' 7 77 77 310 5 13/3 7/7 7/7
2/2 73 2 2 2 2 2 246 3 3 51 3/3 7/7 7/7

2/2 7 3i325./ 12. 3 7/o1/
2/2 73 22 3 4 15 7 3123/ /77/7

2/2 73 3 3 3 3 34 5 .7 3235 1 3/37/7 1/7 7'

2/2 - 7S 7 77.7 77 77 314 5 13/3 7/7 7/7 Tk

3/3 2M 7 7 7 7 7 7 -7 7 315 5 1 3/3 7/7 7/7 7

3/3 6M 22 2 22 3 4 7 316 5 1 3 b 7/7 7/7
3/3 6M 22223 4 4 7 317 5 13/37/7 7/7

3/3 6 7 7 7 7 7 7 7 318 5 2/210/108

3/3 .7 11 2 4 7 7 7 7 P
3/3 7 1 11 2 2 4 7 7 31 612/21/108/8
3/3 7 112 4777 7 .321 612/210/108/8 7

3/3 7 2 2 2 2 3 3 4 7 :324 6 12/210/108/8 7
3/3 7 2 2 2 2 3 4 4 7 324 612/210/108/8

3/8 7 2 2 2 2 3 4 5 7 i325 6 12/210/10 8/(j
/ 7 2 2 2 2 4 67 7 '36 6 12/210/108/8 V

3/3 7 2 2 2 2 4 7 7 327 612/2 o/8i 7

21/ 7 3 3 3 3 3 34 328 6 2/210/108/8 7
io 3/3'7 3 3 3 329 8 13/3 10/10 8/8'

/ 7 3 3 3 3 3 4, 4, 6 7.

3/3 7 3 3 3. 3 3 4 5 7 330 8 1 3 0/ 1 M 7o
-4 37 4 4 47 j ' a. b)j W IW

/3 7 3 3 4 4 4 5 5

3/3 7 '* 3 3 3 3 5 5 7

3/3 7 6 6 6 6 6 6 7 7

3/3 7 7 7 7 7 7 7 7 7
3/3 7S 3 3 3 3 3 4 5 7
3/3 7S 7 7 7 7 7 7 7 7
228 7 2 2 2 2 3 4 5 7
8/8 7 2 2 2 2 4 6 7 7

~8/8 7 3 3 4 4 '4 5 5 4

18 7 7 7 7 7 7 7. 7 7
2/2 6m 2 2 2 2 3 4 4 7

2/2 7 7 7 -. 7 7 7 7 7 7

2/2 7 2 2 2 2 -3 4 4 7
2/2 17 2 2 2 2 3 4 5 7
2/2 7 3 3 3 3 3 4 5 7
2/2 7 3 3 3 3 .4 4 4 7.

2/2 7 3 3 4 4 4 5 5 4

2/2 7 66 66 6 67 7
2/2 7 7 7 7 7 7 7 7 . 7

2/2 789 7 7 7. 7 7 7 .7 7.
2/2 .6M 2 2 2 2 2 3 4t 7

2/ 7 1 1 1 2 2 14 77
2/2 7 2 2 2 2 2 2. 3 7

S2/2 7 2 2 2 2 2 3 4 7
22 7 2 2 2 2 3 4 5 7

O2/2 7 2 2 2 2 3 6.7' 7
.10 2/P 7 2 2 2 2 4 6 7 7
(0 2/2 7 2 2 2 2 4 7 7 7
kQ P/2 7 3 a 3 .3 3 3 4' 7

2/2 7 3 3 3 3 3 4 5 7
2/? I7 JL1 3 3.1 t4

2/2 7 3 t415 5 4



.17 1A. e e 7 -Y I -0 -31 ' -
7 2 2 2 2 2 3 4 7 31
7 222 2.3 j4 4 7

-7 2 2 2 2 4 6 7 7 30
7 2 2 2 i. 7 7 7

7 3 3 3 3 3 314 7
1 3 3 3 3 3 i4 5 7

3 3 3 3 4 4 4 7 EA

7 3 3 4 4 4 .5 5 7
7 6 6 6 6 6 6 7 7 S7 7 7 7 7 7 7 7

7 6 6 6 6 6 6 7 7 6 IA
7S 7 7 7 7  7 7 7 7 h5

'T7 3 3 3 3 3 4f 5 7
2 2 2 2 2 3 if 7-
22 2 '2 2 3 6 7 1 I

7 3 3 3 3 3 3 '.f 7. It -;; - i. -5Yr6$ CUI U
7 3 3 4f 3 3 4f 5 7 ~u.3i~ LLVW

7 3 3 3 3 i .4 7
cap 6-12 in Map

7 3 3~ 4~ 4~ 4554 Class RI Class.
7 4 4 4 4 1 10
7 6 6 6 6 6 6 7 7 2 )10-20 23 2D

7~ 7~ 7 7~ 7 ' 77 7 7 3 ),20-35 3S > 14
7S 7 7 7 7 7 7 7 7 4135-50 4S
7 2 2 2 2 2 3 14 75 > 5075 5S 3 '32

4 4 4 4- 55

t 6 >75-12,54 6S3
J.JLL....L.±. . ... 7 >12 7S :'25

V Lappirag class ranges for each spacing,

Stem Spacing
Map

Class ft
31 0-8
2 '8-12
3 '1l2-15

*4 3,15-20
5 112-25

" __ __

TERRAIN FACTOR C

WEST GER

AR EAL FACTOR
GRAFEN'



- -p " I F0.4 i ..

Sm.I sF

IA".. .. ..S . • . .

-I.. u clas as &^v- haul Surface Composition unit are:

Map 6-12 in Map 0-6 in Map 6-12 in
Class RCI Class. CI Class Cl

10 IS- 0-20 IM 0-15
2 10-20 2 >20-40 24 >15-30

3 -20-35 3S -IP-75 3 -'0-45
4 ,35-50 4S ,75-125 1 > 45-60
5 >50-75 5S '125-175 5M ,60-80
6 ',75-125 6$ '175-250 ,80

7 125 75 '250

'!appi nZ class ranges for each spacing class and visibility class are:

Stem Sacing Visibility

Map Map
Class ft Class ft

3 0-8 1 '15
2 38-12 2 15-21

3 I ,12-15 3 21-27

4 ),15-20 5 ,73
5 '0-25 65 , 3-39
6 ,25-30 _ 39-45

TERRAIN FACTOR COMPLEX MAP

WEST GERMANY

REAL FACTOR COMPLEXES
GRAFENWOHR

PLATE 3
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M84i -TR- Z 42
392 2

SURFACEO

tIWDROLOGIC GEOE-TRY& COI.TOSI-

Mipt West Bank East Bnk Stream TION

Unit' "AIA 51 PS IA- SI PS D ep th

. 1 117 8 11081 3 1 6
2 21 78 1 10 8 3 1 7

5506 3 317 8 1 10 8 3 1 7
4197 368 2 1 7

5 1 97 3 68 2 1 7
6197 368 2 1 7

7 1 97 3 68 2 1 7
8197 3.68 2 1 7

9 1 10 7 3 6 7 1 1 6

10 1 10 7 3 6 7 1 1 6

11 1 10 8 1 1 8 1 1 6
12 1 10 8 11l 8 1 1 7

13 1 10 8 110O 8 1 1 7
14 1 10 8 110 8 1 1 7

.15 1 10 8 1 10 8 1 1 .7
16 1 10 8 110 8 1 1 7

17 1 10 8 3 10 8 1 1 5

18 1 10 8 3 10 8 2 1 7

19 1 10 8 4 10 8 1 1 7

20 2 47 2 416 1 6 6

21 2 47 2 46 1 1 6

5504 22 24 7 2 46 1 1 6
23 217 2 46 1 1 6
24248 148 1 1 7

25248 11 5 1 7

'26 2 5 7 3 5 8 1 1 7

27268 148 6 1 7

282 68 148 6 1 7

29268 248 5 1 7

,302 6 248 5 1 7

3162 268 1 1 7

32 37 8 2 108 1 1 7
.33 21 7 198 3 1 6

34 2 10 7 1 9 8 3 1 6

35 2 10 7 110 7 1 1 5

36 2 10 7. 11-0 7 1 1

:. " t e , 37 2 10i 7 I0 1 1

382 10 8 3 10 2 1 6
eceac8 458 2

40 3 10 3 310

41 3 10 6 310 6 1 1 7

310 6 1 .1 6

43 3 10 6 310 6 1 1 7

44 3 10 7 71 0 8 1 1 7

45 3 10 8 1 9 8 1 1 6

46 3 10 8 1 108 1 1 7

47 3 10 8 110 8 2 1 7

48 310 8 2 9 8 2 1 6

49 2 10 8 3 88 2 1 7

50 3 10 8 310 8 1 1 6

51 3 10 8 3 108, 1 1 6



,+ i J ,- .o . '*: ... ++ +,

LEGEND

tHydrologic geometry units - 63 represont class rani

S;. AofTems >the Diagram belowa), step height sq, positio o step bas
S f stems >the deph SD. The west bank is the first bInk encounter(

1.0 2.5 .0 5.5 7.0 8.5 10.0 Visibility aziuth 0, to 180 deg) and thc east bank is th3 firs'

S5 O 0 Viection (i.e. azirruth ,180 to 360 deg), assuming that

2 7 7 7 77 7 ItSurface geometry units 64 - 94 .represents class range
2 2 2 2 2 5 7 Surface Geometry Diagram below). Fractional designat

7 77 the fraction indicates .class ranges that. will be enco

1 4 5 5 5 7 azirmth from P0 to 180 deg) and the dencminator refer

1 2 2 3 5 7 7 7 '

2 2 2 2 2 3 5 7 assuming that the vehicle intersects the feature at a

2 2 2 3 5 7 75 7 7 Class ranges for each factor are:
2 3 4 7 7

7 7 ... . ..7 7 - 7
7 7 7 7 7 7 7 7

V 7 7 7 7 7 7 7 . Approach Angle tt 's 1
3 3 3 3 7I (FA-IA) St Height (SH St

1 1 7 i 7 1 aM~ap Step Height H Ma

3 457 3 3 3 Cass,5. Class _i M01ass

7 7 7 7 
2 

0-i.5 1 8 12 1 4

7 7 . 7 7 7 7 2 1.5-4.5 2 8-10 12-24 2 •3'

7 4 7 3 ?4.5-10 3 2.0-12 ,24-36 3 > 1

34 7 7 7 4 10-17 4 ,12-14 136-48 4 1-

477 7 7 7 7 5 ,17-22 5 2l4-16 48 5

3 4 4 7 6 22-27 6 16-20 6 "6

3 3 34 7 7 127-3' 7 20-30 7

7-6 6 6 66 7 8 )3-36 8 ,30 8

7 7 7 17 7 7 7 9 )36-45 x absent 9 4.

7 7 7 7 7 7 10 ?45

7 7 7 7 7 7 7 7 1 step hoidit clasa ranges used when water depth is

2 2 3 4 7 7 7 7 2 step height cla3s ranges usod when water depth is

7 7 7 7 7 7 7 3 below 'Vter level

4 4 4 4 4 47 4 above ater level

7 7 7 7 7 1 7

7 77 7 '7 7. 7 7
7 7777 7  7 7
4 4 4 4 4 5 5 7

7 7 7 7 7 7 7 
t .

1 11455 5 7 ,

7 7 7 7 7 7 7 Sill

7 77 7 7 7 7 7'-
7 7 7 7 7 7 7

7 7 7 7 7

2 3 4 4 5 7 7 7
6 6 666 7 7
7 7 7.7 7 7 Surl

1 27 77 7 4

22 2 22 5 7 A o Ansle (I

7 7 7 7 7 7s
4 44 4 7 c7 71 dg

7 77 7 7 -- .5

2 . ! 5 _ _. 
._ _. 

._-__ _-



_ ---. .- ; - '

t class ranges of approach angles (EA and IA, see Hydrologic Geometry
of step baso PS, referenced to rater level, stream width SIV, and stream

ik encountered while traversing an area in an easterly direction (i.e.
is the first bank encountere;d while traversing an area in a westerly dir-

ssuming that the vehicle intersects the feature at a right angle.

class ranges of approach angles FA and IA, and step hcight SH (see
nal designations indicate that dual classes were mapped. The numerator of

n;ill be encountered vhile trversing an area in an easterly direction (i.e.
inator refers to a westerly direction (i.e. azimuth fvom- 180 to 360 deg)
feature at a right angle.

Hydrologic Geometry "

Position of Stream
Step Base (PS) Stream Width (SW) Depth (SD)M ",,ap • k',p .. ,ap

Class in Class ft Class ft
1 .:,48 1 0-5 1 3
2 3 6-4 8 2 '5-10 2 3-4.5
3 >18-36 bwl3  3 '10-15 3 ,4.5-15
4 1-18 4 )15-20 4 ' 15
5 at vater level 5 '20-25
0 .-. 2 6 ,25-30
7 ,12-30 al4  7 '30
8 30-848

x absent

r depth is '3 ft
r depth is !3 ft

SW

gOA.lLe -* S

Surfa Oeomettrye

h Angle (EA-IA) Step Height (SlI)
RapS , I '

Clss in
0-1.5 1 8

;,1.5-4.5 2 8-10
I I I
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34 8 1 1 7 7.I 55 4 8 2 7 8 1 1 5 2
564 82 78 1 1 5 6
57 510 5 4 10 6 1 1 5 4

5500 58 5105 4 10 6 1 1 7
5500 59 6 3 8 3 6 8 4 1 4

60 610 7 1 10 8 1 1 5 1
61 6 108 2 46 1 1 7 2
62 7 8 8 3 9 8 3 1 7 .4

1 63 9 10 7 710 8 1 1 7 2

...... SURFE

SURFACE GEOMETRY
0  copSI- Spac

Mapt Exterior Interior Step rON Spec
.Unit Angle Angle Height 1.0 2.5

64 1/3 10/7 7/6 7 6 6

65 2/2 717 5/5 7 1 1i
66 2/2 7/7 5/5 7 1 2
67 2/2 7/7 5/5 7 2 z
68 2/2 7/7 5/5 7 4 4.

69 2/2 7/7 5/5 7 .4 4
- 5 98 70 2/2 7/7 5/5 7 5 5

71 2/2 7/7 5/5 7 6 6
72 2/2 7/7 5/5 7 6 6
73 2/2 7/7 5/5 7 7 7
74 2/3 7/8 4/7 7 7 7
75 2/7 6/9 8/7 7 6 6

76 3/1 9/1 8/1 7 7 7
77 3/1 10/1 8/1 7. 1" 1
78 3/1 10/1 8/1 7 2 3
79 3/1 10/1 811 7 7 7
80 3/3 9/9 8/8 7 7 7
81 3/3 10/10 *5/6 7 3. 2
82 3/3 10/10 5/6 7 4 4
83 3/3 10/10 8/8 7 7 7
84 5/3 10/9 8/8 7 7 7
85 5/5 10/10 8/8 7 2 2
86 .5/5 10/10 8/8 7 7 7
87 7/1 10/1 8/1 7" 1 1
88 7/1 10/1. 8/1 7 2 2

-496-89 7/1 10/1 8/1 7 2 2
90 7/1 10/1 8/1 7 7 7
'91 7/7 10/10 8/8 7 7 7
92 8/3 10/10 8/8 7 7 7
93 9/1 10/1 8/1 7 5 5
94 9/1 10/1 8/1 7 7 7

ED AREA

.- 5494



~7 7;. 7 7 7 7 7
33445 5 7 7 8 31-36
6 6 6 6 6 6* 7 8 ' 336

4 4 4 14. 5 5 79 364
7 7 7 10 .4 _5

77
4 44 445 5' 7
1 114 55 5 7

153 4 5 74 4 5L. 7 S 7(A

VEGETATION
_ctg of Stems > the
ifledDiameter, in.
4.01 5.51 7.08.5 1 V.0 Visibility

6 6 6 6 6 7
1 2 6 7 7 2
2 3 5 7 7 7
2 2 2 3 5 7 1ta
4. 4 4 4 4 7 p 612 in,
4 4 4 5 5 7 Class III Class

5 5 5 5 5 7 1 l0 is

6 6 6 6 6 7 2 9 I.ZS
6 6 6 6 7 7 3 >20-35 33
7 7 7 7 7 7 4 )35-50 4S
7 7 7 7 7 7 -5 > 50-75 5S

6 6 6 6 6 7 6 >75-125 6S
7 7 7 7 7 7 __7 _ 3125 ?S
1 2 6 .7 7 2
4 4 5 7 7 7
7 7 7 7 7 7
7 7 7 7 7 7
2 3 5 7 7 7
4 4 4 5 5 7 . ....7 7 7 7 7 7 Stern S _

7 7 7 7 7 7 Lrp
3 4 7 7 7 7 Class rt
7 7 7. 7 7 7 10-8
1 4 5 5 5 7 2 '8-2
2 2 2 3 5 7 3 12-15
3 4 7 7 7 7 4 ),15-20
7 7 7 7 7 7 5 , D.-25
7 7 7. 7 7 7 6 2?5-30
7 7 7. 7 7 7 7
5 5 5 5 5 7
7 7 7 7 7 7

TERRi



66 •3200 .
)-~31-36 37

9 ),36-45
~J0 '45

Surface Composition "

62 inj Jap 0-6 in fI ap f6-12 in
HiJ. Class 0 Ciass

10 is 020j VS 0-15
10-2D 2S >20-40 2). > 15-30
)20-35 3S 4)D-75 31M >30-45
,35-50 4S > 75-12 5 IN{ >45-6o

>50-75 5S ; 12 5-17 5 51 >60-80
,75-125 6S ,175-250 611 >80

?325 7. '250

Vezetat on

:m S -cin Visibility
p la~p T ft
Ss ft Class ft

1. 15
2 8-12 I2 I. 15-21
>12-15 3 21-27
4 )!5-20 4 '27-33
5 -- 25 5 '33-39
.6 '5-3o 6 '39-45
77 '5

TERRAIN FACTOR COMPLEX MAP



\' \ s

\ '\\

AUMHOLDEP

41

/9

/45I"

38? 384 386

SCALE

O5 0 _0.5I !.5 MILES

1000 500 0 500 1000 1500 2000 METERS

1000 500 0 500 1000 1500 2000 YARDS



Surface Cormosition

I-p f 6-12 ir4 hap 0-6 in Yap 6-12 in
Class HUI Class CI lass

1 0 is 0-20I -1
2 1 10-20 2S >20-40 21.1 i>15-30
3 >20-35 3S > 40-75 3M '30-45
4 )35-50 4S , 75-12 5 V, > 45-60
.5 >5 0-75 5S '125-175 9 '1 %60-80
6 >75-125 6S "175- 250 611 80
7 >125 ?S ,250

-Veg_ tat on *

Stem S ci'Vis ib 1ity

Class ft Class ft
/0 - -8 15
2 )8-12 2 ., 3 3-21
3 512-15 3 21-27
4 |1.5-20 4 '27-33
5 t,,'0-25 5 ,33-39
6 25-30 6 '39-4 5
7_ ., _7 ,45

TERRAIN FACTOR COMPLEX MAP

WEST GERMANY

LINEAR FACTOR COMPLEXES
BAUMHOLDER

16 PLATE Z
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Alt NATO CAMP BERGEN HOHNE

5866,, . 46 548

'7

5864

/

5862

5860
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LEGEND

RO I OMXt.u%1Y4 courosi- - EsFC6t-S s tile
Th. w Rl W r-t.r. 1 o 2. 405,
- ai -TII 7.o 1.5 10.0 Visibility

II 6H 1 1 2 7 7

3 1 , 1 6H 1' 2 ' 7
7 1 6K 2 2 2 2 7 7
Sif111'16H4 4 4 44 44 5 4

1 1 6H47 7 7 7 77 ? 7
I6 333447 7 7

10 1 8 6H 3 3 3 3 33 7
11 1 1 6 333 3 3 4 6 7
121 a 1 1 61 4 4 4 4 4 4 7
1316a 298 1 1 61 77 7 77 7 7
14 1 77 178 1 1 6M4 2 22 2 34 5 7
i117 78 1 1 6H 3 3 3 444 4 2
16 1 77 178 1 1 614 7 7 7 177 7 7
17 1 1 614 33 3 444 5 7
1 1 7 8 S6 1 1 6H 4 4 44 44 4 7
19 78 168 1 1 6K 6 6 6 6 66 7 7
20 17 168 1 1 614 7 77 7 7 7 7 7
211 8 a8 1 1 6m 11 1 2 47 7 7
2218 198 1 1 6 1 2 2 2 4 7 7
23188e 1 8 1 1 12 7 7 7 7 3
24181 g 98 1 1 61 2 22 2 34 5 7
25 1 a 1 6H 2 3 3 4 44 4 2
26 1 88 1 9~ 1 6K1 3 3 13333 4 7
27188 igs 1 1 6H3 33333 6 7

8188"198 1 1 1 6H 3 3 3 4 4 7
29188 1 1 1 6 1 4 4 4 4 7
1301 88 19S 1 6H 6 6 6 666 7 7
31188 1gs 1 1 6H 7 7 7 7 77 7 7
32188 2 8 1 1 6H 2 2 2 3 4 5 7
3318 28 1 1 6 4 4 4 4 4 4 7
34188 2 1 6H 4 4 4 4 44 5
35 3188 2 a8 1 6H 6 6 6 6 6 6 7 7
36188 ? a 6 1 77 7 7 7 7 7
37197 198 1 6H 2 2 2 3 6 7 7
38197 193 8 1 6H 2 3 3 4 4 4 4 2
39197 19 1 6M 33 3 3 3 4 7
40 19 7 1 6H4 4 4 44 4 4 7' 7
4119 19 1 6H 7 7 7 7 7 7 7
42198 1108 3 1 61 77 7 77 7 7
43 1107 273 2 1 514 1 2 2 4 5 7 7

4 1107 2 8 2 1 5H 1 2 77 7 7 3
45 1107 2 7 5 2 3 3 4 4 4 4 2
46 1107 27 1 514 4 , 44 4 5 4
47 177 7 1 5H 7 7 7 7 7 7 7
481108 1O 1 1 41t 7 7 7 7 7 7 7 7
9 110e 8 to 2 1 6M 44 44 4 4 5 4

50 2 1 6M 1 1 2 3 5 7 75 1 10 8 16

52 110a 16 2 1 6K 2 2 2 3 5 7
53.1108 16r 2 1 6 4 4 4 44 5 4
54 1it)j 1 6 1 1 6H 7 7 7 7 7 7 7
55 110 1 1 61 112246 o 7 2
56 10 011 1 6M 2 2 34 3
57 110 j19 1 2 6 3t 23 444 3

i5 10 19 (,,l cs 6 66 6 6(s6 7 7
9 1 0 a I 6a1 7 7 7 7 7. 7

60 10 a 1 01 7 7 7 7 7 7 7
" 1 1 2 2 4 6 7 2



5860
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58 56
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El
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FIRING
~~0

ft.

A
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~* 6

k

'N

RANGE 
N



59 1 10
60 1 10
61 1 10
62 1 10

N63 1 10
/64 1 10

65 2 1
66 2 3
67 2 4
68 2
69 2 E
70 2 1
71 2 1
72 2 1
732 1
74 2
752 1
762 1
77 2 1

I78 2 1

5858. 8792 1
812 1

-82 
2

84 2
85 2
86 2
87 2,1
88 2
89 2
90 2

1 2
92 2
93 2
94 2

vvardbonmen - 96 2
97 2
98 2 1

4 h-T 199 .3
100 3
101 35856 102 3
103 3
104 3 3
105 A:
106 5 1
107 5 1
108 5 1
109 5. 1
110 5 1
111 53

Mlap E:
Utlit

112
1135854 114
115

116

118
119



~5 110191 .69K 6 6. 6 6 7 7

198, i'i.159 1 10 1 9 8 1 1 6m 7 7 7 7 7 7 7 7
601108 198 2 1 6H 777777 7. 7
611108 2108 2 1 6K 12246 7 2
621108 2108 2 1 61 127777 7 3
631108 2 10 2 1 6M 222235 7' 7
641108 2108 2 1 6% 777777 7 7
65 2 1 8 2 2 8 7 1 7 7 7 7 7 7-
66 2. 3 x x 1 1 x 7 2 5M 7 7 7 7 7 7 7 7
672 4xx31 , 7 2 *6 112246 7 .2
68258 168 1 1 6H 777777 7 7
69288 1108 1 1 6H. 111235. 7 7

70288 1108 1 1 6H 127777 7 3
71288 1108 1 1 6H 137777 7 2
72288 1108 1 1 6 2 22223 3 7
73288 1108 1 1 6M 222225 7 7

4"2 88 1103 1 1 6M 222234 5 7
75288 1108 1 1 6M 222235.7 7
76288 1108 1 1 6Q1 233444 4 2"

77288 1108 1 1 6y 233444 5 3
78288 1108 1 1 6M 333333 4 7
79288 1108 1 1 6H 333334 6 7.
!802 88 1108 1 1 .6M 333444 4 7
81288 l 1 1 6M 3 3 3444 5 7
82288 1108 1 1 6M 44444 4 7

83288 110 1 1 6M 777777 7 7 V6

84288 1108 1 1 7 233344 5 7
*85288 1108 1 1 7 233444 4 2

86288 110 1 1 7 666666 6 7
87288 1108 1 1 7 777777 7 7
88288 398 3 1 6M 233444 4 2

89 2 8 8 3 9 8 3 1 6M 4 4 4 4 4 -4 5 4

90288 398 3 1 .6m 777777 7 7
91298 1107 1 1 6M 127777 7 3
92298 1107 1 1 6K 222223 3 7
93298 1107 1 1 6K 23344.4 5 3
94298 1107 1 1 6, 333334 6 7
95.2 98 1107 1 1 64 444444 4 7
962 98 1107 1 1 6 7 7 7 7 7 7 7 7
972 98 1107 1 1 6M 777777 7 7
982108 198 1 1 6M 777777 7 7
;99.3 1xx12x x 7 2 4S 7 7 7 7 7 7 7
1003355323 4 7 2 4S 777777 7
101378 3108 1 1 sm 222223 3 7
1023 9J8 1107 3 1 5m 2 2 2 2 2 3 3 7
10339 8 1107 3 1 sM 777777 7 7
104310 822108 1 1 7 777777 7
105 A 31 x13xx 7 2 7 777777 7 7
1065108 1108 4 1. 6M 2 2 2 2 3 4 5 7
1075108 1108 4 1 6 222235 7 7
1085108 110 4 1 6M 222336 7 7
1095.108 1108 4 1 6 23344 4 2
1100 5 108 4 1 6K 7 7
ii j 1 4 ,1 6M 77 7 7

SURFACE GEOM<TRY SURFACE VEGETATION
_______ SURFACE _O_. COmOSI- Spacing of Stems ? the

Mapi E::terior Interior Step TION pecifled Diameter in.
Unit Angle Angle Height 1.0 2.5 4.0 5.5 7.0 8.5 10.0 Visibility

112 1/1 6/6 5/5 3S 4 4 4 4 4 41 4 7
113 1/1 6/6 5/5 6M 2 2 2 2 2 ' 3 7
114 1/1 6/6 5/5 6M 6 6 6 6 6.6 7 7
115 1/1 6/6 5/5 6M 7 7 7 7 7 7 7 7
116 1/1 6/6 5/5 7 1 1 1.2 3 5 7 7

,, .. - II i / ,, I3 7 J 1 . . " --
6 W5 7118 1/1 6/6 5/5 7 i 2. 3 7 7

119 1/1 6/6 5/5 7 2 2 2 2 3 4
; ___" I : /. . ' . . . - . I . 3. .1 .6 7 7
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fl ~~' <7 '277' 12 i ~4i20 1/1 6(6 5/5 7 2 2 2 3 3 6 7 7
121 1/1 6/6 15/5 7 2 3 3 4 4 5 7
122 1/1 6/6 515 7 3 3 3 3 3 3 4 7
123 1/1 6/6 .5/5 7 3 3 3 3 3 4 6 7
124 1/1 6/6 j5/5 7 3 3 3 4 4 7 7 7
125 1/1 6/6 5/5 7. 4 4 4 4 4 4 4 7
126 1/1 6/6 i515 7 6 6 6 .6 6 6 7 7
127 111 6/6 s5/5 7 7 7 7 7 7 7 7 7
128 1/1 6/6 '5/5 7S 2 2 2 2 2 3 3 7
129- 1/1 *6/6 "5/3 7S 7 7 7 7 7 7 7 7
130 1/1 7/7 8/8 6M 7 7 7 7 7 7 7 7
131 1/1 7/7 818 7 7 7 717 7 7 7 . 7
132 1/1 7/7 8/8 7S 4 4 4 4 4 4 4
133 1l 7/7 8/8 7S 7 7 7 7 7 -. 7 7 7
134 i/1 8/8 8/8 6M 7 7 7 7 7 7 7 7

.135 1/1 8/8 8/8 7 2 2 2 5 7 7
136 1/1 8/8 8/8 7S 7 7 7 7 7 7 7 7
.137 1/1 9/9 8/8 7 1 3 7 7 7 7 7 2
138 1/4 10/9 8/7 3M 7 7 7 7 7 7 7 7
139 "1/4 109 8/7 7 7 7 7 7 7 7 7 7.
140 1/4 10/9 817 7S 7 7 7 7 7 7 7 7
141 2/1 7/1 8/1" 6M 2 2 2 2.3 5 7. 7
142 2/1 7/1 8/1 6M 7 7 7 7 7 7 7 7
143 .2/1 7/1 8/1 7 2 2 2 2 3 5 7 7
144 2/1 7/1 8/1 7 7 7 7 7 7 7 7 7
145 2/2 10/10 8/8 7S 7 7 7 7 7 7 7 7
1F.6 3/2 3/3 1/3 7 7 7 7 7 7 7 7 7
147 3/2 4/5 4/1 7 7 7 7 7 7 7 7 7
148 3/2 5/5 8/8 3M 7 7 7 7 7 7 7 7
149 3/2 5/5 R/8 4M 7 7 7 7 7 7 7 7
150 3/2 5/5. 8/8 .6 2 2 2 3 3 6 7 7
151 3/2 5/5 8/8 6M 1 2 2 2 4 5 7 7"
152 3/2 5/5 8/8 6M 2 3 3 4 4 4 4 2
153 3/2 5/5 8/8 6M 7 7 7 7 7 7 7 7
154 3/2 5/5 8/8 7 2 2 2 3 3 6 7 7
155 3/2 5/5 8/8 7 2 3 3 4 4 4 5 3
156 3/2 5/5 8/8 7 7 7 7 7 7 7 7 7
.157 3/2 5/5 8/8 7S I 1 1 2 3 5 7 7
158 3/3 7/6 2/1 6M 7 7 7 7 7 7 7 7
159 3/3 7/6 2/1 7 7 7 7 7 7 7 7 7
160 5/5 101.0 7/7 7 7 7 7 7 7 7 7 7
161 5/6 10/5 2/3 6M 7 7 7 7 7 7 7 7
162 5/6 10/5 2/3 7 7 7 7 7 7 7 7
163 9/2 10/9 6/8 7 7 7 7 7 7 7 7 7

tilydrologic geometry units I - 4llrepresent class ranges of approach angles (EA and IA, see Hydrologic Goomet:
Diagram below), step height S1, position of step base PS, referenced to rater level, stream width SVI, and st

depth SD. The west bank is the first bank encountered while traversing an area in an easterly direction (i.

aziruth P0 to 180 deg) and the east bank is the first bank encountered shile traversing an area in a westerl

ection (i.e. azimuth ,180 to 360 dog), assuming that the vehicle intersects the feature at a right angle.

-t Surface geometry units 112 -. 36 epresents class ranges -of approach angles FA and IA, and step height SH (see

Surface Geometry Diagram below). Fractional designations indicate that dual classes were mapped. The numer
the fraction indicates class ranges that will be encountered vhile traversing an area in an easterly directi(

azin-ith from -%0 to 180 deg) and the denominator refers to a westerly direction (i.e. azimuth foom.' 180 to 36(
assuming that the vehicle intersects the feature at a right angle.

Class ran'ges for each factor are:

Hydrologic Geometry

Approach Angle Stop Position of Stream
(FA-IA) Step Heigit - Step Base (PS) Stream viidth (SW) Depth SD

~~Scp Hoight k5,1) Map Iap

Class 6c ' Clas- ini tl' Mass. n , ljase it C,.ais- £U

1 0-1.5 1 '8 'a.12 1 li 1 0-5 .- 1 I3
2 ,1.5-4.5 2 8-10 12-24 2 0,6-48 2' )5-10 2 3-4.5
3 i.5-10 3 I10-12 k24-36 3 '18-36 bwl 3 3 )10-15 3 ,4.415
4 )10-17 4 12-14 l-36-48 4 1-18 4 - 4 ,'15. . ... -. - ., ~o evel 5 '20-.25 "
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I. stop heidit class r
2 step hei~)t class ri58 46- 3 elowvoter lvel

Sur
A..roach Angle (I

Class

1 0-1.5
2 '1.5-4.5
3 %4.5-10

58 A4 ) C-1 75 %17-22

6 '22-27
7 1-27-31
8 )'31-36
9 36-45' 10 4' 5

5842

'ESTR ICTED AREA

- ..... 58 40
624



'45 abzent

1step heiir, class ranges used when water depth is ' 3 £t
,-t ep hei&j t class rar~sa used when water depth is 23 ft
Lrbslow vator level
abo's water level

SW -i

",,Surface mety_ Surface Comostion"

Arroc Apple__ ___IA. StpHegt__) 6-127 ij 2a C-6 'in :Lp 6-12 i
a Class RC Class I Ci Class Ci

Class d Class in 1 10 iS 0-20 1 Y 0-15

r P1.5-r.5 . 2 0 3 >2C-35 33 L-75 341 '60-03
3 ,4.5-10 3 )'10-12 4 )35-50 4S > 75-12 5 Y ),45-604 , 10-2 7 4 -% 12-14 "5 >50-75 55 :,325-!75 911 -%60-80
5 )17-2 5 " 14-16 6 %75-325 6 .,175-250
6 -22-.,7 6 -'16-20 7 ;,125 7S "250
7 • 27-31 .7 '02030
8 ),31-36 8 •30 Vegetation
9 r36-45

0 4. Stem S cingViiiiy
isibility

Class ft Class ft
S 0-8 1

C . 2 ,8-12 ,,.15-21
-- _ . . - _ 3 ,12-15 "21-27

*4 2,L-20 4 27-33
5 ')-25 5 33-39

-6 25-30 6 " '39-45-' '" "? t. ...... /( _/ t i... . _....L.. !£ " ',. .. 1

-- A'

TR

, TERRAIN FACTOR COMPLEX MAP
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5 2 8406 '  3 lC.35 T l3s '!O-75 1 I3I 45
0o 3 10.2 " i,35-5o ! S / '7-125 45-60

4 I112-1. -5 I 5D -75 5 '1, 232-175 5U !,60-80
5 v1416 6 -v75-125 / , I 175-2,10 ' 8
6 '16-20 7 ?25 _J_ _ S "20
.7 K .-30 ... •

8 begetatioa 0

•e - -pT Visibility

Class It Class ft
-1 0-8 I 415

9A . 2 '8-12 2 #15-21[ _~~~ 21z:-5 -?

41 )Z-20 4 27-33
5 2)-25 5 33-39

-. '~ 6 1 Z-30 -JL!-J..39.I - 45

//

TERRAIN FACTOR COMPLEX MAP
WEST GERMANY

LINEAR FACTOR COMPLEXES
BERGEN- HOHNE

PLATE 5
/,
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SERIES M841 - TR - Z 62
712 7145516

HYDROLOGIC GEOIRY
1p est.Bank East Bank Sti
Unit E AIIASH PS EAlIA SHIS Widtl

1 1 4 193 2
2. 8 2 5 31 1
3 1 15 81 5 8
4 1 8 15 8 1

5 3 181 8

15 8 15 58 1
6 15 8 15 8 1
7 5 8 158 1

L8 1 5 8 1 3 8i1

9 1 5 8 1 58 1
10 1 6 8 1 7 8 1

11 1 6 8 1 7 8 1
12 1 68 2 58 5
13 1 78 1 67 2
14 1 78 1 67 2
5 184 13 34 5

161 88 288 1
17 1 8 8 2 8 8 1
18 1 88 3 10 7 1
19 1 8 8 310 7 1
20 1 8 8 310 7 1
21 9 9 7 198 1
22 1 10 7 .1 10 4 1
23 1 7 110 4 1
24 1C7 1 10 7
25 1 19 8 8 2
26 21 8 i 8
27 1 9 8 1 8
28 1 10 8 110 8

55I2 29 1 8 110 8
.3 1 8 1 10 8

31i2 8 29 8
32 101 w. ' ~o 8
.33 108 9 918
'34 2 2 8 110 3 8
.35 2 2 8 10 3 8
36 2 4 8 1 4 8
.37 2 5 8 1 5 8

S.33 2 5 8 1 5 8
39 2 6 7 2 7 6
40 2 6 8 1 8 8
41 2 6 8 1 10 8
42 .2 9 8 2 9 8
43 2 9 8 2 9 8
44 2 9 8 2 9 8
45 2 9 8 2 9 8
46 2 9 8 2 9 8

r47 2 98 29 8
5D48 2 10 7 2 10 8

8Ld I1



LEGEND

- • VEGTATION tHydrologic geometry units I - 62
UCRAE Spacing TO steDiagram below), step height 51, ;

t COTOSI Spacing of stems> the depth SD. The west bank is the I
Stream TION Specified diameter, in =aimuth ,0 to 180 deg) and the eith Depth 1l, 0 2.5 2 .0 5.5 7.0 8.5 10.0 Visibility ection (i.e. azinuth -180 to 360

2 1 7S 7 7 7 7 7 7 7 7 'rSurface geometry units 63 ,.- l.re:
4S 7 7 7 7 7 7 7 7 Surface Geometry Diagram below).
6M 2 2 2 2 2 2 3 7 the rraction indicates class rang
6M 2 2 2 2 3 6 7 7 azimuth from 0 to 180 deg) and t]
6M 2 2 2 2 4 7 7 7 assuming that the vehicle interse
6M 3 3 3 3 3 3 4 7
6M 3 3 3 4 4 4 5 5 4 Class ran'ges for each factor are:
6M 6 6 6 6 6 6 6 7
6M 7 7 7 7 7 7 7 7
6M 2 2 2 2 4 7 7 7

.6m 3 3 3 3 3 3 4 7 Approach Angle StepHeiFJ
6M 7 7 7 7 7 7 7 7 (FA-IA) Step__e__

2 4M 7 7 7 7 7 7 7 1 'Map Map Step Heig
4M 1 7 7 777 7 7 Class deg Class n

5 4M 7 77777 7 1 0-1.5 i. 83M 6 6 6 6 6 6 7 7 2 1.5-4.5 2 8-11
6M 1 7 7 77 7 7 7 3 P4.5-10 3 'i0-J
3M 2 2 2 2 3 3 4 7 4 )10-17 4 ,12-14
3M 2 2 2 2 4 7 7 7 5 P17-22 5 P14-16
3M 7 7 7 7 7 7 7 7 6 '22-27 6 ,16-20

6 46 7 7 7 7 7 1 7 127-31 7 2D-30
5 7 7 8 31-36 a '30
5 7 7 7 7 7 7 9 36-45 x

.1 1 4M 7 7 7 7 7 7 7 7 10 '45 L
1 6M 222224 6 7 -

S1 6M 6 6 6 6 6 6 7 .7 1 btep h c uooI ra.p a u.d
1 6M 7 7 7 7 2 step height class rae used
1 6M 6 6 6 6 6 6 7 7 3 below vter level
1 6M 7 7 7 7 7 7 above water level

4M 7 7 7 7 71 5s 7 7 7 7 7 7
77 7 7

,24M 7 17 7 7 7 7 7 7 *7 1 42 2 2 22 4 6 7
7 1 4 7 7 7 7 7 7 7 7

1 2 7 7 7 7 7 7 7 T
I 6 7 7 7 7 7 7 7 7
S 6M 7 7 7 7 7 7 7 7

1 6M 2 2 2 2 4 7 7 7
1 2S 7 7 7 7 7 7 7 7
3 6M 7 7 7 7 7 7 7 7
S 6 7 7 7 7 7 7 7 .7
L 7 2 2 2 2 3 4 4 7
1 7 3 3 3 3 3 4 5 .7
1 7 333344 4 7

7 6 6 6 6 6 6 6 7
7 7 7 7 7 7 7 7 7'

7 1_ Z 7 7 1 7 7 7
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sry ur-ts 1 62 represent class ranges of approach angles (EA and IA, see Hydrologic Geometry
step height 5H, position of step base PS, referenced to vrter level, stream width SW, and strea4

west. bank is the first bank encountered while traversing an area in an easterly direction (i.e.
0 deg) and the east bank is the first bank encountered while traversing an area in a westerly dir-
nuth ,180 to 360 deg), assuming that the vehicle intersects the feature at a right angle.

units .6.- - .represents class ranges of approach angles EA and IAp and step height -S (see
,Diagram below). Fractional designations indicate that dual classes were mapped. The numerator of
cates class ranges that will be encountered vnile traversing an area in an easterly direction (i.e.

to 180 deg) and the denominator refers to a westerly direction (i.e. azimuth foom' 180 to 360 deg)
o vehicle intersects the feature at a right angle.

each factor are:

Hydrologic Geomet:y *

Position of Stream
Step Height (SH) Step Base (PS) Stream Width (SW) Depth (SD)_

Map Step Height (JH) Map DepPt MaS
Class in in i Class In Class ft , .

1 ' -8 '12 1 ;48 1 0-5 1 '3
2 8-10 12-24 2 '36-48 2 '5-10 2 3-4.5
3 *10-12 '24-36 3 '18-36 bwl 3  3 )10-15 3 '4.5-15

4 '12-14 ' 36-48 4 1-18 4 15-20 4 '15
5 '14-16 :,48 5 at vater level 5 '20-25
6 '16-20 6 1-12 6 '25-30
7 ,20-30 7 ,12-30 awl 4  0 30
8 8 ,)30-48 "--'_
x absent 9 48

x absent

sloe ranges used when water depth is 43 ft
ass ranges used when water depth is !3 ft.vel
vol

* ~ L

' -I ' T

- P.
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0o48 10i 71 ii ziul t
49 2101 8 1I 101 81

55 3 6 7 5 2,
51 3 3 6 7 5 2

52 310 7 5 2 6 7
53E 3 30 7 5267

1 5713 10. 7 2 6 7
55 3 0 267

S 57 31. 7 267

58 310 7 310 7
59 3107 310 7
60 310 8 1 6 8
61 510 8 510
62 6 2 x x 1 4 7

7 - SURFACE GEOMETRY

?o 5 08 ; Map Exterior Interior
Unit Angle Angle Hc

63 1/1 i/10
% % 13 64 1/1 10/1

S65 1/2 1/10
66 1/2 1/10
67 1/3 1/10

- 68 1/3 1/10
9,69 1/3 4/7

9 70 2/1 10/1
71 2/2 6/6
72 2/2 6/6
73 2i2 9/9

7? 74. 2/2 9/9
75 2/2 9/9
76 2/2 9/9
77 2/2 10/10

78 2/3 9/9
J 5506 79 3/1 8/1

-- 40 80 3/1 10/1
81 3/1 10/1
82 3/1 10/1
83 3/2 8/8
84 3/3 7/7
85 3/3 7/7
86 3/3 7/7
87 3/3 7/7
88 3/3 7/7
89 3/3 7/7
90 3/3 '7/7
91 3/3 7/7

tt 92 3/3 7/7
4 93 3/3 7/7

' 94 3/3 7/7
- 95 3/3 7/7

-l b/O I96 3/3 7/7
1 97 3/3 7/7

- Kaltenbrunn 5504 98 3/3 7/7

I 99 3/3 7/7
100 3/3 7/7
101 3/3 7/7
102 3/3 7/7'i ... ... . .. . .. J_ _ _. . .. -- 1'& -W J



3.L 7 . 7 7 
77 7 7x~~ ~ 7 3 77 3 3 4 4 4

7 77777 7 7

3 1 4M 24 6 7 7 7
7 3 1 5 2 222 4 6 7
7 3 1 5 22224 7 7
7 7 1 7 7 7 7 7 7 7 7* 7

3 1 6. 22252 4 . 7;
1 1 6 7 7 7 7 7 7 7 7

3 1 6M 7 7 7 7 7 7 7 7
4 1 4M 7 7 7 7 7 7 7 7

777 2 4M 777777 7 7

SURFACE ,VEGETATION

COHPOSI- 'Spacing of Stems > the
Step TION '_ Specified Diameter in.

Height 1.01 2.5 4.0 5.5 7.0 8.5 10.0 Visibility

1/8 7 7 7 7 7 7 7 7 7
8/1 7 7 7 7 7 7 7 7 7
1/8 7 2 2 2 2 4 7 7 7
1/8 7 7 7 7 7 7 7 7 7
1/8 7 7 7 7 7 7 7 7 7
1/8 7S 7 7 7 7 7 7 7 7
5/7 7S 7 7 7 7 7 7 7 7
8/1 7 7 7 7 7 7 7 7 7
8/8 7 3 3 3 3 3 4 5 7
8/8 7 7 7 7 7 7 7 7 7
8/8 7 .2 2 2 2 4 7 7 7
8/8 7 3 3 4 4 4 5 5 4
8/8 7 .7 7 7 7 7 7 7 7
8/8 7S 2 2 2 2 3 4 4 7
8/8 7 7 7 7 .7 7 7 7 7

8/8 7 7 7 7 7 7 7 7 7
8/1 7 7 7 7 7 7 7 7 7

,8/1 7 4 4 4 4 4 5 5 7
8/1 7 7 7 7 7 7 7 7 7

8/1 7S 7 7 7 7 7 7 7 7
7/8 7 2 2 2 2 4 6 7 7
8/8 1 7 .7 7 7 7 7 7 7
8/8 6M 7 7 7 7 7 7 7 7

8/8 7' 1 1 2 4 7 7 7 7
8/8 7 1 2 2 5 5 6 7 2
8/8 7 2 2 2 2 2 2 3 7

8/8 7 2 2 2 2 2 3 4 7
8/8 7 2 2 2 2 3. 3 4 7
8/8 7 2 2 2 2 3. 4 4 7
8/8 7 2 2 2 2 3 4 5 7
8/8 7 2 2 2 2 4 6 7 7

8/8 7 2 2 2 2 4 7 7 17
8/8 7 3 3 3 3 3 3 4 7

8/8 7 3 3 3 3 3 4 4 7

8/8 7 3 3 3 3 3 4 5 7
8/8 7 3 3 3 3. 4 4 4 7

8/8 7 3 3 4 4 4 5 5 4

8/8 7 4 4 4 4 4 5 5 7
____RJR 7 6 6 6 6 6 6 7 7

-- ..........
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Sg-,face Geotetry0

Aproa Angle (EA-IA Step Height (SH),7

gapmap rm
Class eg aCss in,

1 0-1.5 1 . '8
2 Y1.5-4.5 2 8-10
3 )4.5-10 3 1 10-12
4 '10-17 4 ,12-14

5 ,17-22 5 >14-16
6 22-27 6 16-20
7 '27-31 "7 ' 2-30

8" 331-36 8 3 30

9 )36-45
L ?45

IFA

Surface Composition #

Map -lan Nap 0-6 in ap 6-la in

SClass Cass 0i Class Ci

10 is 0-20 i0 0-15

2 ,0-20 2S > 20-40 2 >15-30

3 ,20-35 3S >-0$-75 3M >30-45

4 ,35-50 4S >75-125 Q >45-60

> 53-75 5S '125-175 5M ;60-80

6 >75-125 6S -,175-250 L 680
6 '75125 7s " '250

Vegetat ion *

Stem S =cin Visib ilit

%ap Yap f
Class ft Class

1 0-8 1 415

2 8-12 2 -115-21

3 ,12-15 3 ' 21-27

4 )15-20 4 '27-33

5 ,_-255 >33-39

6 ,25-30 6 _39-45

)3 7 45
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/84 3/ 7)
85 3/3 7)
86 3/3 7)
87 3/3 7)

88 3/3 7)
.89 3/3 7)
90 3/3 7)
91 3/3 7)
92 3/3
93 3/3 7j

4.9 .4 3/37j

71

96 3/3 7j
Kalfenbrunn 550497 3/3 7j

5504 1 98 3/3 7j
99 3/3

100 3/3
101 3/3
102 3/3
103 3/3 7j

; 104 3/3
105 3/3 14
106 3/3 14
107 3/3 14

" 108 4/1 14
1 109 4/4 14

110 4/513, Z.1 5/1 -

5502

4

JI

RESTRICTED AREA

7 12 7 14 A

Ag



.7/7 8/8 1 7 .7 7 7 7 7 7 7
7/7 8/8 6M 7 7 7 7 7 7 7 7
7/7 8/8 7 1 1 2 4 7 7 7 7
7/7 8/8 7 1 2 2 5 5 6 7 2
7/7 8/8 7 2 2 2 2 2 2 3 7
7/7 8/8 7 2 2 2 2 2 3 4 7

"'7/7 8/8 7 2 2 2 2 3 3 4 7
7/7 8/8 7 2 2 2 2 3. 4 4 7
7/7 8/8 7 2 2 2 2 3 4 5 7
7/7 8/8 7 2 2 2 2 4 6 7 7
7/7 8/8 7 2 2 2 2 4 7 7 7
7/7 8/8 7 3 3 3 3 3 3 4 7
7/7 8/8 7 3 3 3 3 3 4 4 7
7/7 8/8 7 3 3 3 3 3 4 5 7
7/7 8/8 7 3 3 3 3. 4 4 4 7
7/7 8/8 7 3 3 4 4 4 5 5 4

'7/7 8/8 7 4 4 4 4 4 5 5 7
7/7- 8/8 7 6 6 6 6 6 6 7 7

• 7/7 8/8 7 7 7 7 7 7 7 7 7
7/7 8/8 7s 2 2 2 '2 3 4 4 7
7/7 8/8 7S 7 7 7 7 7 7 7 7
10/10 8/8 7 2 2 2 2 4 6 7 7
10/10 8/8 7 7 7 7 7 7 7 7 7

.10/10 8/8 7S 7 7 7 7 •7 7 7 7
10/1 8/1 7 7 7 7 7 7 7 7 7
10/10 8/8 7 7 7 7 7 7 7 7 7
7/8 5/4 7 7 7 7 7 7 7 7 7
10/1 8/1 7 7 7 7 7 7 7 7 7

4|



Vegetation

Stem -s meing VisibilityMp YA" P
Cl1ass [ ft Class ft

1 0-8 -c 15
2 -x8-12 2 ,15-21
3 ,2-15 3 ! 21-27
4 P15-20 ' 27-33
-5 -f-5 i 33-39
6 25-30 6 I 39-45
7 3 7 -45

IL

TERRAIN FACTOR COMPLEX MAP

WEST GERMANY

LINEAR FACTOR COMPLEXES
GRAFENWOHR

PLATE 6
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